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PREFACE 

The Atomic Energy Commission (AEC) used t h e  Nevada T e s t  S i t e  
(NTS) from January 1951 th rough  January  19, 1976, as an a r e a  f o r  
conduct ing nuc l ea r  de tona t ions ,  nuc l ea r  rocket-engine  develop- 
ment, nuc l ea r  medicine s t u d i e s ,  and misce l laneous  nuc l ea r  and 
non-nuclear experiments. Beginning on January  19, 1976, t h e s e  
r e s p o n s i b i l i t i e s  were t r a n s f e r r e d  t o  t h e  newly-formed U.S. Ener- 
gy Research and Development Adminis t ra t ion  (ERDA) , which was 
l a t e r  merged wi th  o t h e r  ene rgy - r e l a t ed  agenc i e s  t o  form t h e  U.S- 
Department o f  Energy on October 1 ,  1977. Atmospheric n u c l e a r  
tests w e r e  conducted p e r i o d i c a l l y  from 1951 th rough  October 30, 
1958, a t  which t ime  a  t e s t i n g  moratorium was implemented. S ince  
September 1, 1961, a l l  nuc l ea r  d e t o n a t i o n s  have been conducted 
underground w i t h  t h e  e x p e c t a t i o n  of  containment excep t  f o r  f o u r  
s l i g h t l y  above-ground o r  sha l low  underground tests of Operat ion 
Dominic 11 i n  1962 and f i v e  n u c l e a r  e a r t h - c r a t e r i n g  exper iments  
conducted under t h e  Plowshare program- 

The U.S. Pub l i c  Hea l th  S e r v i c e  (PHs), from 1954 through 1970, 
and t h e  U.S. Environmental P r o t e c t i o n  Agency (EPA), from 1970 t o  
t h e  p re sen t ,  have mainta ined f a c i l i t i e s  a t  t h e  NTS or i n  Las 
Vegas, Nevada, f o r  t h e  purpose of prov id ing  an Off -S i te  Radiolog- 
i c a l  S a f e t y  Program f o r  t h e  n u c l e a r  t e s t i n g  program- I n  addi-  
t i o n ,  o f f - s i t e  s u r v e i l l a n c e  has  been provided by t h e  PHSIEPA f o r  
nuc l ea r  exp los ive  tests a t  p l a c e s  o t h e r  t han  t h e  NTS. Prior t o  
1953, t h e  s u r v e i l l a n c e  program w a s  performed by t h e  Los A l a m o s  
S c i e n t i f i c  Laboratory  and U.S.  Army personnel .  

The o b j e c t i v e  o f  t h e  Program s i n c e  1954 has been t o  measure 
l e v e l s  and t r e n d s  of  r a d i o a c t i v i t y  i n  t h e  o f f - s i t e  environment 
sur rounding  t e s t i n g  areas t o  a s s u r e  t h a t  t h e  t e s t i n g  i s  i n  com- 
p l i a n c e  wi th  e x i s t i n g  r a d i a t i o n  p r o t e c t i o n  s tandards .  To a s s e s s  
o f f - s i t e  r a d i a t i o n  l e v e l s ,  r o u t i n e  sampling networks f o r  milk, 
water ,  and a i r  a r e  mainta ined a long  wi th  a  dosimetry  network and 
s p e c i a l  sampling of food c rops ,  soi l ,  etc., a s  required.  For  t h e  
purpose of  implementing p r o t e c t i v e  a c t i o n s ,  p rov id ing  immediate 
r a d i a t i o n  monitoring,  and o b t a i n i n g  environmental  samples r a p i d l y  
a f t e r  a  r e l e a s e  o f  r a d i o a c t i v i t y ,  m b i l e  moni tor ing personne l  a r e  
a l s o  p laced  i n  a r e a s  downwind of t h e  NTS o r  o t h e r  t e s t  a r e a s  
prior t o  each test- 

A n a l y t i c a l  r e s u l t s  showing r a d i o a c t i v i t y  l e v e l s  above natu- 
r a l l y  o c c u r r i n g  l e v e l s  have been publ i shed  i n  r e p o r t s  cove r ing  
a  tes t  s e r i e s  o r  test  p r o j e c t .  Beginning i n  1959 f o r  r e a c t o r  
tests,  and i n  1962 f o r  weapons tests, s u r v e i l l a n c e  d a t a  f o r  each  



i n d i v i d u a l  test  which r e l e a s e d  r a d i o a c t i v i t y  o f f  s i t e  were re- 
por ted  s e p a r a t e l y .  commencing i n  January  1964, and con t inu ing  
through December 1970, t h e s e  i n d i v i d u a l  r e p o r t s  f o r  n u c l e a r  tests 
were a l s o  summarized and r e p o r t e d  every  6  months, The i n d i v i d u a l  
a n a l y t i c a l  r e s u l t s  f o r  a l l  r o u t i n e  or s p e c i a l  mi lk  samples w e r e  
a l s o  i nc luded  i n  t h e  6-month summary r e p o r t s .  

I n  1971, t h e  AEC implemented a requirement  (now r e f e r r e d  t o  
a s  the DOE Manual, Chapter  0513) for a comprehensive r a d i o l o g i c a l  
moni tor ing r e p o r t  from each  of  t h e  s e v e r a l  c o n t r a c t o r s  or agenc ie s  
involved i n  major nuc l ea r  a c t i v i t i e s ,  The compi la t ion  of t h e s e  
~ r i o u s  r e p o r t s  s i n c e  t h a t  t i m e  and t h e i r  e n t r y  i n t o  t h e  g e n e r a l  
l i t e r a t u r e  s e r v e  t h e  purpose of p rov id ing  a  s i n g l e  s o u r c e  of  in-  
format ion concerning t h e  environmental  impact  of n u c l e a r  a c t i v i -  
ties. To provide more r a p i d  d i s semina t ion  of da t a ,  t h e  monthly 
r e p o r t  of a n a l y t i c a l  r e s u l t s  of  a l l  a i r  d a t a  c o l l e c t e d  s i n c e  J u l y  
1971, and a l l  milk and water samples c o l l e c t e d  s i n c e  January  1972, 
w e r e  a l s o  publ i shed  i n  Rad ia t ion  D a t a  and Reports ,  a monthly 
p u b l i c a t i o n  of  t h e  EPA which w a s  d i s con t inued  a t  t h e  end of 1974. 

Beginning wi th  t h e  f i r s t  q u a r t e r  o f  1976, a i r  and milk  sample 
d a t a  have been r e p o r t e d  q u a r t e r l y -  Dosimetry d a t a  w e r e  i nc luded  
beginning wi th  t h e  t h i r d  q u a r t e r  1976, 

S ince  1962, PHS/EPA a i r c r a f t  have a l s o  been used du r ing  nu- 
c l e a r  tests t o  prov ide  r a p i d  moni tor ing  and sampling f o r  r e l e a s e s  
of r a d i o a c t i v i t y ,  Ea r ly  a i r c r a f t  moni tor ing d a t a  o b t a i n e d  im-  
media te ly  a f t e r  a  test are used t o  p o s i t i o n  mobile r a d i a t i o n  
moni tor ing personne l  on t h e  ground, and  t h e  r e s u l t s  of a i r b o r n e  
sampling are used t o  q u a n t i f y  t h e  i n v e n t o r i e s ,  d i f f u s i o n ,  and 
t r a n s p o r t  of  t h e  r a d i o n u c l i d e s  r e l e a s e d ,  Beginning i n  1971, a l l  
moni tor ing  and sampling r e s u l t s  by a i r c r a f t  have been r e p o r t e d  i n  
e f f l u e n t  moni tor ing  d a t a  r e p o r t s  i n  accordance wi th  t h e  DOE 
Manual, Chapter  0513, 
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INTRODUCTION 

Under a Memorandum of Understanding, No, EY-76-A-08-0539*, 
w i t h  t h e  U.S. Energy Research and Development Admin is t ra t ion  
(ERDA) and t h e  U. S, Department of  Energy (DOE) , t h e  U. S. Environ- 
mental  P r o t e c t i o n  Agency (EPA) , Environmental Monitoring and Sup- 
p o r t  Laboratory-Las Vegas (EMSL-LV), con t inued  its Off -S i te  Radio- 
l o g i c a l  S a f e t y  Program w i t h i n  t h e  environment su r rounding  t h e  
Nevada T e s t  S i t e  (NTS) and a t  o t h e r  sites des igna t ed  by t h e  DOE 
d u r i n g  CY 1977. Th is  r e p o r t ,  p repared  i n  accordance wi th  t h e  DOE 
Manual, Chapter 0513, c o n t a i n s  summaries of t h e  EMSL-LV dosimetry  
and sampling methods and a n a l y t i c a l  procedures ,  and t h e  a n a l y t i c a l  
r e s u l t s  o f  environmenta l  samples c o l l e c t e d  i n  suppo r t  of t h e  DOE 
nuc l ea r  t e s t i n g  a c t i v i t i e s .  Where a p p l i c a b l e ,  dos imetry  and sam- 
p l i n g  d a t a  a r e  compared t o  a p p r o p r i a t e  gu ides  f o r  e x t e r n a l  and i n -  
t e r n a l  exposures  t o  i o n i z i n g  r a d i a t i o n .  I n  a d d i t i o n ,  a b r i e f  sum- 
mary of p e r t i n e n t ,  i n c l u d i n g  demographical,  f e a t u r e s  of t h e  NTS 
and t h e  NTS env i rons  is  p re sen t ed  f o r  background informat ion.  

NEVADA TEST SITE 

The major programs conducted a t  t h e  NTS i n  t h e  p a s t  have been 
n u c l e a r  weapons development, p r o o f - t e s t i n g  and weapons s a f e t y ,  
t e s t i n g  f o r  peace fu l  u se s  of  n u c l e a r  exp los ive s  ( P r o j e c t  Plow- 
s h a r e ) ,  r eac to r -eng ine  development f o r  n u c l e a r  r o c k e t  and ram-jet  
a p p l i c a t i o n s  ( P r o j e c t s  P l u t o  and Rover), b a s i c  high-energy nu- 
c l e a r  phys i c s  r e sea rch ,  and seismic s t u d i e s  (Vela Uniform). Dur- 
i n g  this r e p o r t  p e r i o d  t h e s e  programs w e r e  con t inued  wi th  t h e  ex- 
c e p t i o n  of  P r o j e c t  P lu to ,  d i s con t inued  i n  1964, P r o j e c t  Rover, 
which was t e rmina t ed  i n  January  1973, P r o j e c t  Plowshare n u c l e a r  
tests which w e r e  t e rmina t ed  i n  1970, and Vela Uniform s t u d i e s  
which ceased i n  1973, All n u c l e a r  weapons tests s i n c e  1962 w e r e  
conducted underground t o  minimize t h e  p o s s i b i l i t y  of t h e  r e l e a s e  
o f  f i s s i o n  p roduc t s  t o  t h e  atmosphere. 

S i t e  Loca t ion  

The Nevada T e s t  S i t e  (F igures  1 and 2) is l o c a t e d  i n  Nye 

*Previously ,  t h i s  memorandum w a s  wi th  t h e  U.S, Energy Research and 
Development Admin is t ra t ion  (ERDA). On October 1, 1977, t h e  ERDA 
was merged w i t h  o t h e r  ene rgy - r e l a t ed  agenc i e s  t o  f  orm t h e  DOE. 



County, Nevada, wi th  i t s  s o u t h e a s t  corner  about 90 km northwest 
of Las Vegas. The NTS has an area of about 3500 km2 and v a r i e s  
from 40-56 km i n  width (east-west) and from 64-88 km i n  l eng th  
(north-south). This a rea  c o n s i s t s  of l a r g e  bas ins  o r  f l a t s  about 
900-1200 m above mean s e a  l e v e l  (MSL) surrounded by mountain 
ranges r i s i n g  t o  1800-2100 m above MSL. 

The NTS is surrounded on t h r e e  s i d e s  by an exclus ion  a rea  
c o l l e c t i v e l y  named t h e  N e l l i s  A i r  Force Range, The Range, par- 
t i c u l a r l y  t o  t h e  n o r t h  and e a s t ,  provides a buf fe r  zone between 
t h e  test  a r e a s  and pub l i c  lands ,  This buffer  zone v a r i e s  from 24- 
104 km between t h e  test a r e a  and l and  t h a t  is open t o  t h e  public. 
Depending upon wind speed and d i r e c t i o n  wi th in  t h e  accepted range 
of t e s t i n g  c r i t e r i a ,  this provides a delay of from 1/2 t o  more 
than  6 hours before any a c c i d e n t a l  release of a i r b o r n e  radio- 
a c t i v i t y  could pass over p u b l i c  lands ,  

Climate 

The c l ima te  of  t h e  NTS and surrounding a r e a  is va r i ab le ,  p r i -  
mari ly  due t o  a l t i t u d e  and t h e  rugged t e r r a i n ,  Generally,  t h e  - 
c l ima te  i s  r e f e r r e d  t o  as Cont inenta l  Arid, Throughout t h e  year, 
t h e r e  i s  n o t  s u f f i c i e n t  water to support  tree or  c rop  growth 
without i r r i g a t i o n ,  

The c l ima te  may be c l a s s i f i e d  by t h e  types  of vegeta t ion  
which grow under t h e s e  condi t ions ,  According t o  Houghton e t  a l ,  
(1 975) , t h i s  method, developed by Koppenms c l a s s i f i c a t i o n  of d ry  
condi t ions ,  i s  f u r t h e r  subdivided on t h e  b a s i s  of temperature and 
s e v e r i t y  of drought, Table 1, from Houghton e t  al., summarizes 
t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  of t h e s e  c l i m a t i c  types  i n  Nevada, 

TABLE 1, CHARACTERISTICS O F  CLIMATIC TYPES I N  NEVADA 
Mean Temperature Annual Precipitation 

OE c m  
Climate (OF) (inches) Dominant Percent 

Wpe Winter Summer Total* Snowfall Veqetation of Area 

Alpine -180 - -90 40 - 100 38 - 114 Medium t o  Alpine -- 
tundra ( 0 0 -  150) ( 4 0 0 - 5 0 0 )  ( 1 5 - 4 5 )  heavy meadows 

Humid -120 - -lo l o 0  - 210 64  - 114 Heavy Pine- f ir 1 
continental  (100 - 300) (500 - 700) (25 - 45) f o r e s t  

Subhumid -120 - -10 100 - 210 30 - 64 Moderate Pine or  scrub 15 
continental  (100 - 300) (500 - 700) (12 - 25) woodland 

Mid- l a t i -  -70 - 40 18O - 270 15 - ,  38 Light t o  Sagebrush, 57 
tude steppe (20° - 40°) (650 - 80°) ( 6 - 15) moderate grass, scrub 

Mid- l a t i -  -7O - U0 180 - 270 8 - 20 Light Greasewood, 2 0 
tude desert  (200 - 400) (650 - 800) ( 3 - 8) shadscale 

Low-lati- 40 - 100 270 - 320 5 - 25 Negl ig ible  Creosote 7 
tude desert  (400 - 500) (80° - 900) ( 2 - 10) bush 

*Limits of annual precipi tat ion overlap because of variat ions  i n  temperature 
which a f f e c t  the  water balance. 



A s  po in ted  o u t  by Houghton e t  al. ,  90 percen t  of Nevada's 
popula t ion  l i v e s  i n  a r e a s  w i th  less than  25 c m  of r a i n  p e r  yea r  
or i n  areas which would be c l a s s i f i e d  as mid - l a t i t ude  s t e p p e  t o  
l ow- l a t i t ude  d e s e r t  regions .  

According t o  Q u i r i n g  (1968), t h e  NTS average annual  p r e c i p i t a -  
t i o n  ranges  from about  10 c m  a t  t h e  900-m a l t i t u d e  t o  around 25 
c m  on t h e  p la teaus .  During t h e  w in t e r  months, t h e  p l a t e a u s  may 
be snow-covered f o r  p e r i o d s  of s e v e r a l  days or weeks, Snow is 
uncommon on t h e  f l a t s ,  Temperatures vary  cons ide rab ly  wi th  ele- 
va t ion ,  s l o p e ,  and l o c a l  a i r  c u r r e n t s .  The average  d a i l y  h igh  
(low) tempera tures  a t  t h e  lower a l t i t u d e s  a r e  around 100 (-40) C 
i n  January and 350 (120) C i n  J u l y ,  w i th  extreme d a i l y  averages  
of 4 4 0  and -260 C. Corresponding tempera tures  on t h e  p l a t e a u s  a r e  
20 (-40) C i n  January and 260 (180) C i n  J u l y  wi th  extremes of 38O 
and -290 C. Temperatures a s  l o w  as -340 C and h ighe r  t han  460 C 
have been observed a t  t h e  NTS. 

The d i r e c t i o n  froin which winds blow, as measured on a 30-m 
tower a t  an  obse rva t ion  s t a t i o n  on Yucca F l a t ,  t h e  l o c a t i o n  of 
many p a s t  nuc l ea r  tests, is predominantly n o r t h e r l y  excep t  f o r  
t h e  months o f  May th rough  August when winds from t h e  south-south- 
w e s t  predominate. Because of t h e  p reva l en t  mountain/valley winds 
i n  t h e  bas ins ,  s o u t h  t o  southwest  winds predominate du r ing  day- 
l i g h t  hours  d u r i n g  most months, During t h e  win te r  months south-  
e r l y  winds have on ly  a s l i g h t  edge  ove r  n o r t h e r l y  winds f o r  a few 
hours  d u r i n g  t h e  warmest p a r t  of  t h e  day. These wind p a t t e r n s  
may be  q u i t e  d i f f e r e n t  a t  o t h e r  l o c a t i o n s  on t h e  NTS because  of 
l o c a l  t e r r a i n  e f f e c t s  and d i f f e r e n c e s  i n  e l e v a t i o n  (Qui r ing ,  
1968) . 
Geoloqy and Hydro low 

Geolog ica l  and hyd ro log i ca l  s t u d i e s  of  t h e  NTS have been i n  
p r o g r e s s  by t h e  U,S. Geologica l  Survey and v a r i o u s  o t h e r  organi-  
z a t i o n s  s i n c e  1956. Because of  t h i s  con t inu ing  e f f o r t ,  i n c l u d i n g  
subsu r f ace  s t u d i e s  of  numerous boreholes ,  t h e  s u r f a c e  and under- 
ground g e o l o g i c a l  and hyd ro log i ca l  c h a r a c t e r i s t i c s  f o r  much of 
t h e  NTS a r e  known i n  c o n s i d e r a b l e  d e t a i l .  This  is p a r t i c u l a r l y  
t r u e  f o r  t h o s e  a r e a s  i n  which underground experiments are con- 
ducted. A comprehensive summary of  t h e  geology and hydrology of 
t h e  NTS w a s  e d i t e d  and pub l i shed  by Eckel (1 968)  . 

There are two major hyd ro log i c  sys tems on t h e  NTS (F igure  3).  
Groundwater i n  t h e  nor thwes te rn  p a r t  o f  t h e  NTS o r  i n  t h e  Pahute  
Mesa a r e a  has been r e p o r t e d  (ERDA-1551, September 1977) t o  t r a v e l  
somewhere between 2 and 80 m p e r  year  t o  t h e  s o u t h  and sou thwes t  
toward t h e  Ash Meadows d i s c h a r g e  a r e a  i n  t h e  Amargosa Desert. It 
is es t ima ted  t h a t  t h e  groundwater t o  t h e  e a s t  of t h e  NTS moves 
from n o r t h  t o  s o u t h  a t  a rate  no t  less t h a n  2 nor g r e a t e r  t han  
220 m p e r  year ,  Carbon-14 a n a l y s e s  of t h i s  e a s t e r n  groundwater 



i n d i c a t e  t h a t  t h e  lower v e l o c i t y  is  nea re r  t h e  t r u e  value. A t  
Mercury Valley,  i n  t h e  extreme southern  p a r t  of t h e  NTS, t h e  
groundwater flow d i r e c t i o n  s h i f t s  t o  t h e  southwest  toward t h e  Ash 
Meadows d i scha rge  a rea  i n  t h e  sou theas t e rn  Amargosa Valley. 

The water l e v e l s  below t h e  NTS  vary from depths  of about  100 
m beneath t h e  s u r f a c e  a t  v a l l e y s  i n  t h e  s o u t h e a s t e r n  p a r t  of  t h e  
s i te  to more than  600 m beneath t h e  s u r f a c e  a t  h igh lands  t o  t h e  
nor th .  Although much of  t h e  v a l l e y  f i l l  is  s a t u r a t e d ,  downward 
movement of  water i s  extremely s l o w ,  The primary a q u i f e r  i n  
t h e s e  format ions  i s  t h e  Pa leozoic  carbonates  which u n d e r l i e  t h e  
more r e c e n t  t u f f s  and alluviums, 

Land U s e  of NTS Environs 

F igure  4  is  a  map of the off-NTS a r e a  showing gene ra l  l a n d  
use, A wide v a r i e t y  of uses,  such  a s  farming, mining, grazing,  
camping, f i s h i n g ,  and hunting, e x i s t  due t o  t h e  v a r i a b l e  ter- 
r a i n ,  For example, wi th in  a  300-km r a d i u s  w e s t  of t h e  NTS, ele- 
v a t i o n s  range from below s e a  l e v e l  i n  Death Val ley t o  4420 m 
above MSL i n  t h e  S i e r r a  Nevada Range. Addi t iona l ly ,  p a r t s  of  two 
v a l l e y s  of  major a g r i c u l t u r a l  importance ( t h e  Owens and San 
Joaquin) are included,  The a r e a s  s o u t h  of  t h e  NTS are more uni- 
form s i n c e  t h e  Mojave Desert ecosystem (mid- la t i tude  desert) com- 
p r i s e s  most of t h i s  p o r t i o n  of Nevada, C a l i f o r n i a ,  and Arizona. 
The a r e a s  e a s t  of  t h e  NTS a r e  p r i m a r i l y  mid - l a t i t ude  s t e p p e  wi th  
some of  t h e  o l d e r  r i v e r  v a l l e y s ,  such as t h e  Vi rg in  River Val ley 
and Moapa Valley,  suppor t ing  small-scale b u t  i n t e n s i v e  farming of 
a v a r i e t y  of c rops  by i r r i g a t i o n ,  Grazing is  a l s o  common i n  t h i s  
a r ea ,  p a r t i c u l a r l y  t o  t h e  n o r t h e a s t ,  The a r e a  n o r t h  of t h e  NTS 
is a l s o  mid- la t i tude  s t e p p e  where t h e  major a g r i c u l t u r a l - r e l a t e d  
a c t i v i t y  is g r a z i n g  of bo th  c a t t l e  and sheep, Only a r e a s  of 
minor a g r i c u l t u r a l  importance, p r i m a r i l y  t h e  growing of a l f a l f a  
hay, a r e  found i n  t h i s  p o r t i o n  of  t h e  S t a t e  w i th in  a  d i s t a n c e  of 
300 km. 

I n  t h e  summer of 1974, a  b r i e f  survey of home gardens around 
t h e  NTS found t h a t  a ma jo r i ty  of  t h e  r e s i d e n t s  grow o r  have ac- 
cess t o  l o c a l l y  grown f r u i t s  and vegetables .  Approximately two 
dozen of t h e  surveyed gardens wi th in  30-80 km of t h e  NTS boundary 
w e r e  s e l e c t e d  f o r  sampling, These gardens produce a v a r i e t y  of 
r o o t ,  l eaf ,  seed,  and f r u i t  c rops  (Andrew and Vandervort, 1978) . 

The only  i n d u s t r i a l  e n t e r p r i s e s  wi th in  t h e  immediate off-NTS 
a r e a  a r e  28 a c t i v e  mines, a s  shown i n  F igure  4, and s e v e r a l  chem- 
i c a l  p rocess ing  p l a n t s  l o c a t e d  near  Henderson, Nevada (about 23 
km sou th  of Las Vegas) . The number of  employees f o r  t h e s e  opera- 
t i o n s  v a r i e s  from one person a t  s e v e r a l  sma l l  mines t o  s e v e r a l  
hundred workers f o r  t h e  chemical p l a n t s  a t  Henderson. Most of 
t h e  i n d i v i d u a l  mining ope ra t ions  invo lve  less than  10 workers pe r  
mine; however, a few ope ra t ions  employ up t o  100-250 workers, 



The major body of  water  close t o  t h e  NTS is  Lake Mead (100 km 
s o u t h e a s t )  a man-made l a k e  s u p p l i e d  by water  from t h e  Colorado 
River,  Lake Mead s u p p l i e s  about  60 pe rcen t  of t h e  w a t e r  used f o r  
domestic, r e c r e a t i o n a l ,  and i n d u s t r i a l  purposes i n  t h e  Las Vegas 
Val ley  and a p o r t i o n  o f  t h e  water used by sou the rn  C a l i f o r n i a ,  
Smal ler  r e s e r v o i r s  and l a k e s  l o c a t e d  i n  t h e  a r e a  are p r i m a r i l y  
f o r  i r r i g a t i o n  and f o r  l i v e s t o c k .  I n  C a l i f o r n i a ,  t h e  Owens River 
and Haiwee Reservo i r  f eed  i n t o  t h e  Los Angeles Aqueduct and a r e  
t h e  major sou rces  of  domest ic  water f o r  t h e  Los Angeles a r e a ,  

A s  i n d i c a t e d  by F igu re  4, t h e r e  are many p l a c e s  s c a t t e r e d  i n  
a l l  d i r e c t i o n s  from t h e  NTS where such  r e c r e a t i o n a l  a c t i v i t i e s  as 
hunting,  f i s h i n g ,  and camping are enjoyed by both local r e s i d e n t s  
and t o u r i s t s .  I n  genera l ,  t h e  camping and f i s h i n g  s i tes  t o  t h e  
nor thwest ,  nor th ,  and n o r t h e a s t  o f  t h e  NTS are u t i l i z e d  through- 
o u t  t h e  yea r  excep t  f o r  t h e  w i n t e r  months, Camping and f i s h i n g  
a t  l o c a t i o n s  s o u t h e a s t ,  sou th ,  and southwest  are u t i l i z e d  
throughout  t h e  year  w i th  t h e  m o s t  e x t e n s i v e  a c t i v i t i e s  occu r r ing  
d u r i n g  a l l  months except  t h e  ho t  summer months, A l l  hun t ing  is 
g e n e r a l l y  r e s t r i c t e d  t o  v a r i o u s  t i m e s  dur ing  t h e  las t  6 months 
of  t h e  year. 

Dairy farming i s  n o t  e x t e n s i v e  w i th in  t h e  300-km-radius a r e a  
under d i scuss ion .  From a s u r v e y  o f  milk cows du r ing  t h i s  r e p o r t  
per iod,  8800 d a i r y  cows, 419 f a m i l y  milk goa t s ,  and 464 f a m i l y  
milk cows were l oca t ed .  The f ami ly  cows and goa t s  are found i n  
a l l  d i r e c t i o n s  around t h e  test  s i te  (F igure  5 ) ,  whereas t h e  d a i r y  
c o w s  (Figure  6) are l o c a t e d  s o u t h e a s t  of  t h e  test s i te  (Moapa 
River  Val ley,  Nevada; Vi rg in  River Valley,  Nevada; and Las Vegas, 
Nevada) , n o r t h e a s t  (Lund area) , and southwest  (near  Barstow, 
C a l i f o r n i a )  , 

Grazing of  beef ca t t le  and sheep  is  t h e  m o s t  common u s e  of  
t h e  l and  i n  t h i s  area, Approximately 330,000 beef cattle and 
267,000 sheep  were produced w i t h i n  t h e  300-km r a d i u s  sur rounding  
t h e  test  s i t e  d u r i n g  t h i s  r e p o r t  period.  F igures  7 and 8, re- 
s p e c t i v e l y ,  show t h e  d i s t r i b u t i o n  of  t h e  beef c a t t l e  and sheep  
by county. 

Popula t ion  D i s t r i b u t i o n  

The populated area of  primary concern around t h e  NTS which is 
sampled and monitored by s u r v e i l l a n c e  networks is shown i n  F igu re  
9 a s  t h e  a r e a  w i th in  a 300-km r a d i u s  of t h e  NTS Cont ro l  P o i n t  
(CP-I), excep t  f o r  t h e  areas w e s t  of  t h e  S i e r r a  Nevada Mountains 
and i n  t h e  sou the rn  p o r t i o n  of  San Bernardino County, Based upon 
t h e  p r o j e c t i o n s  f o r  t h e  year  1976 by t h e  U . S .  Bureau of t h e  Cen- 
s u s  and t h e  1977 p r o j e c t i o n s  f o r  Washoe and C la rk  Count ies  by t h e  
U n i v e r s i t y  of  Nevada (Reno), F igu re  9 shows t h e  c u r r e n t  popula t ion  
o f  c o u n t i e s  i n  Nevada and p e r t i n e n t  po r t i ons  of t h e  S t a t e s  of 
Arizona, C a l i f o r n i a ,  and Utah. Las Vegas and v i c i n i t y  is  t h e  on ly  



major populat ion c e n t e r  wi th in  t h e  insc r ibed  a rea  of Figure 9. 
With t h e  assumption t h a t  t h e  t o t a l  populat ions of t h e  coun t i e s  
b i sec ted  by t h e  300-km r a d i u s  l i e  wi th in  t h e  insc r ibed  a rea ,  
t h e r e  is a population of about 528,800 people l i v i n g  within t h e  
a r e a  of primary concern, about 70 percent  of which l i v e s  i n  t h e  
Las Vegas urbanized area,  I f  t h e  urbanized a rea  is not  con- 
s ide red  i n  determining populat ion dens i ty ,  t h e r e  a r e  about  0.6 
people per  km* (1.5 people per  mi*). For comparison, t h e  United 
States (50 s t a t e s ,  1970 census) has  a population d e n s i t y  of 22 
people per  km*, and t h e  o v e r a l l  Nevada average from t h e  1976 pro- 
j e c t i o n  i s  2.3 people per  km2, 

The o f f - s i t e  a r e a s  wi th in  about 80 km of t h e  NTS a r e  predom- 
i n a n t l y  r u r a l .  Several  s m a l l  communities a r e  loca ted  i n  t h e  area,  
t h e  l a r g e s t  being i n  t h e  Pahrump Valley, This  growing r u r a l  com- 
munity, with an est imated populat ion of about 3500, is  loca ted  
about 72 km south  of  t h e  NTS, The Amargosa Farm a r e a  has  a pop- 
u l a t i o n  of about 400 and is l o c a t e d  about 50 km southwest of t h e  
c e n t e r  of t h e  NTS, The Spring Meadows Farm a rea  is a r e l a t i v e l y  
new development c o n s i s t i n g  of approximately 10,000 km2 (4000 m 2 )  

wi th a population of about 130. This a r e a  is about 55 km south- 
south-west of t h e  NTS. The l a r g e s t  town i n  t h e  near  o f f - s i t e  a rea  
is Beat ty with a population of about 500; it is loca ted  about 65 
km t o  t h e  w e s t  of t h e  site, 

I n  t h e  ad jacen t  s t a t e s ,  t h e  Mojave D e s e r t  of Ca l i fo rn ia ,  
which inc ludes  Death Valley National  Monument, lies along t h e  
southwestern border of Nevada, The population wi th in  t h e  Monu- 
ment boundaries v a r i e s  cons iderably  from season t o  season with 
fewer than  200 permanent r e s i d e n t s  and t o u r i s t s  i n  t h e  a rea  during 
any given per iod  i n  t h e  summer months, However, during t h e  win- 
ter as many a s  15,000 t o u r i s t s  and campers can be i n  t h e  a r e a  on 
any p a r t i c u l a r  day during t h e  major hol iday periods,  The l a r g e s t  
town i n  t h i s  general  a r e a  i s  Barstow, l o c a t e d  265 k m  south-south- 
w e s t  of t h e  NTS, with a popula t ion  of about 18,200. The Owens 
Valley, where numerous small  towns a r e  loca ted ,  l i es  about 50 km 
west of Death Valley, The l a r g e s t  town i n  Owens Valley i s  Bishop, 
loca ted  225 km west-northwest of t h e  NTS, with a populat ion of 
about  3800, 

The extreme southwestern region  of Utah is more developed 
than  t h e  adjacent  p a r t  of Nevada. The l a r g e s t  town, Cedar City,  
with a population of  10,000, is l o c a t e d  280 km eas t -nor theas t  of 
t h e  NTS. The next  l a r g e s t  community is St.  George, loca ted  220 
km east of t h e  NTS, with a populat ion of 8500, 

The extreme northwestern region  of Arizona is mostly undevel- 
oped range land with t h e  except ion of t h a t  por t ion  i n  t h e  Lake 
Mead Recreation Area, 

Severa l  small  r e t i r ement  communities a r e  found along t h e  
Colorado River, pr imar i ly  a t  Lake Mojave and Lake Havasu. The 



l a r g e s t  town i n  t h e  area is Kingman, l oca ted  280 km southeas t  o f  
t h e  NTS, with a population of about 7500. 

OTHER TEST SITES 

T a b l e  A-1 l ists t h e  names, dates ,  l o c a t i o n s ,  y i e l d s ,  depths, 
and purposes o f  a l l  underground nuclear  tests conducted a t  loca-  
t i o n s  o ther  than t h e  NTS. N o  off-NTS nuclear  tests were conduct- 
ed during t h i s  report  period,  



SUMMARY 

During 1977, t h e  monitoring of  gamma r a d i a t i o n  l e v e l s  i n  t h e  
environs of t h e  NTS was continued through t h e  use of an o f f - s i t e  
network of r a d i a t i o n  dosimeters and gamma-rate recorders .  Con- 
c e n t r a t i o n s  of rad ionucl ides  i n  p e r t i n e n t  environmental media 
were a l s o  cont inuously o r  p e r i o d i c a l l y  monitored by e s t a b l i s h e d  
a i r ,  m i l k ,  and water sampling networks. Before each underground 
nuclear  detonat ion,  mobile r a d i a t i o n  monitors, equipped with ra-  
d i a t i o n  monitoring instruments  and sampling equipment, w e r e  on 
standby i n  off-NTS l o c a t i o n s  t o  respond t o  any a c c i d e n t a l  r e l e a s e  
of a i rborne  r a d i o a c t i v i t y ,  An a i r p l a n e  w a s  a i r b o r n e  near  t h e  
t e s t  a rea  a t  detonat ion t i m e  t o  undertake t r a c k i n g  and sampling 
of any r e l e a s e  which might occur. 

A l l  r a d i o a c t i v i t y  from t h e  underground nuclear  tests was 
contained except  f o r  a t o t a l  of about 36 c u r i e s  ( C i )  of radio-  
a c t i v i t y  which was repor ted  by DOEYNV a s  being r e l e a s e d  i n t e r -  
m i t t e n t l y  throughout t h e  year and small  undetermined amounts of 
radioxenon, t r i t i u m ,  and 8sKr which s lowly seep  t o  t h e  s u r f a c e  
from t h e  underground test a reas ,  The only  off-NTS i n d i c a t i o n  of 
t h i s  r a d i o a c t i v i t y  was l 3 3 X e  i n  s e v e r a l  a i r  samples of t h e  Noble 
Gas and Tr i t i um Survei l lance  Network c o l l e c t e d  a t  Beatty, Diablo, 
Hiko, Las Vegas, and Tonopah dur ing  t h e  per iod  August 2 t o  Sep- 
tember 28, The h ighes t  concent ra t ion  of 1 3 3 X e  de tec ted  ( 1 . 4 ~  
10-11 p C i / m l )  was i n  a sample c o l l e c t e d  a t  Beatty. The est imated 
whole-body dose t o  a hypothet ica l  r ecep to r  a t  t h i s  l o c a t i o n  was 
c a l c u l a t e d  as 2.5 microrem (prem)  , which is 0.001 percent  of t h e  
Radiation Protec t ion  Standard of 170 mil l i rem (mrem) t o  a s u i t -  
a b l e  sample of  t h e  exposed population, Based upon t h i s  dose and 
t h e  populat ion of Beatty, t h e  es t imated  dose commitmentcl, with- 
i n  a 80-km r a d i u s  of t h e  NTS Control Poin t  was es t imated  t o  be 
0.0013 man-rem, Due t o  t h e  g r e a t e r  populat ion d e n s i t y  wi th in  
t h e  Las Vegas area,  t h e  h ighes t  dose commitment, 0.36 man-rem, 
was f o r  t h i s  a rea ,  which is approximately 100 km from t h e  NTS, 
This dose commitment i s  small  compared t o  t h e  26,000 man-rem, 
which r e s i d e n t s  o f  Las Vegas and nearby communities rece ived  from 
n a t u r a l  background radia t ion .  

A l l  o t h e r  measurements of r a d i o a c t i v i t y  made by t h e  Off-Site 
Radiological  Safety Program w e r e  a t t r i b u t e d  t o  n a t u r a l l y  occur- 
r i n g  r a d i o a c t i v i t y  o r  worldwide f a l l o u t  and not  r e l a t e d  t o  under- 
ground nuclear  t e s t  opera t ions  dur ing  t h i s  r e p o r t  period, 

ClBProduct of est imated average dose equiva lent  and population, 



R a d i o a c t i v i t y  from t h e  a tmospher ic  nuc l ea r  t e s t  by t h e  People ' s  
Republic of  China on September 17, 1977, a t  0300 hours, EDT, was 
d e t e c t e d  on f i l t e r  samples of t h e  Air S u r v e i l l a n c e  Network be- 
g inn ing  on samples c o l l e c t e d  on September 21 and con t inu ing  
throughout  t h i s  r e p o r t  pe r iod ,  The tests r e s u l t e d  i n  i n c r e a s e s  
of a i r b o r n e  r a d i o a c t i v i t y  which w e r e  i d e n t i f i e d  by t h e  A i r  Sur- 
v e i l l a n c e  Network a s  t h e  r a d i o n u c l i d e s  9 s Z r ,  9 9 M 0 ,  lOaRu, 1311, 

13*Te, l*oBa, l*lCe, l**Ce, and 1*7Nd, 

The Long-Term Hydrological  Monitoring Program used f o r  t h e  
moni tor ing of  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  s u r f a c e  and ground- 
wate rs  which a r e  down t h e  hydro log ic  g r a d i e n t  from sites of p a s t  
underground nuc l ea r  tests  w a s  cont inued f o r  t h e  NTS and e i g h t  
o t h e r  sites l o c a t e d  e lsewhere  i n  Nevada, Alaska, Colorado, N e w  
Mexico, and Miss i s s ipp i .  Beginning t h i s  year ,  t h e  EPA began t h e  
annual  c o l l e c t i o n  and a n a l y s i s  of water  samples from P r o j e c t  R i o  
Blanco nea r  Meeker, Colorado, and P r o j e c t s  Long Shot/Milrow/ 
Cannikin, on Amchitka I s l and ,  Alaska, which w e r e  p r ev ious ly  co l -  
l e c t e d  by t h e  U . S .  Geological  Survey. 

Higher t han  normal concen t r a t i ons  of r a d i o a c t i v i t y  w e r e  
observed i n  samples c o l l e c t e d  a t  w e l l s  known t o  be contaminated 
by t h e  i n j e c t i o n  o f  r a d i o a c t i v i t y  f o r  t r a c e r  s t u d i e s  ( W e l l s  C 
and C-1 a t  t h e  NTS and USGS W e l l s  4 and 8 nea r  Malaga, N e w  
Mexico); however, no migra t ion  of t h e  r a d i o a c t i v i t y  w a s  observed 
i n  samples c o l l e c t e d  from o t h e r  w e l l s  nearby. Above background 
levels o f  3 H  r a d i o a c t i v i t y  w e r e  a l s o  observed i n  water samples 
c o l l e c t e d  from Wells U3CN-5 and B a t  t h e  NTS, from t h e  Half Moon 
Creek Overflow ( P r o j e c t  Dribble)  nea r  B a x t e r v i l l e ,  Mis s i s s ipp i ,  
and from s e v e r a l  l o c a t i o n s  a t  t h e  P r o j e c t  Long Shot  s i te  on 
Amchitka I s l a n d ,  Alaska, 

Three o u t  of e leven  water  samples c o l l e c t e d  from W e l l  U3CN-5 
had 3 H  c o n c e n t r a t i o n s  of  2.0~10-7 pCi/ml,  1 .6~10-7 pCi/ml, and 2-3 
xlO-7 pCi/ml; t h e  concen t r a t i on  average o f  a l l  samples was ( 7 . 0 ~  
10-8 pCi/ml. The s i x  samples c o l l e c t e d  t h i s  year from well B were 
c o n s i s t e n t l y  h ighe r  t han  o t h e r  w e l l  samples wi th  a concen t r a t i on  
range  o f  1,5x10-7 p C i / m l  t o  3.3~10-7 p C i / m l .  A l l  samples from 
U3CN-5 Well B were <0,01 pe rcen t  o f  t h e  Concent ra t ion  Guide (3x 
10-3 p C i / m l )  f o r  occupa t iona l  exposures  and (3 p e r c e n t  of t h e  
maximum contaminant  l e v e l  of  t h e  EPA Drinking Water Regula t ions  
f o r  this nucl ide .  A s  t h e  water from t h e s e  w e l l s  is  n o t  used f o r  
human consumption, t h e s e  c o n c e n t r a t i o n s  w e r e  compared t o  t h e  reg- 
u l a t o r y  gu ides  on ly  as an a i d  i n  i n t e r p r e t i n g  t h e  s i g n i f i c a n c e  of  
t h e  concen t ra t ions .  The annual  sample c o l l e c t e d  from Half Moon 
Creek had a JH concen t r a t i on  o f  1,8x10-6 p C i / m l ,  ((0.06 p e r c e n t  
o f  t h e  Concentra t ion Guide f o r  J H ) ,  which was aga in  h i g h e r  t h a n  
o t h e r  s u r f a c e  water  samples, a s  samples have been from t h i s  loca-  
t i o n  f o r  t h e  p rev ious  3 years ,  Fu r the r  e x p l o r a t o r y  su rveys  dur ing  
t h i s  year  i d e n t i f i e d  sub-surface  s o i l  contaminated wi th  3 H  from 
post -shot  d r i l l - b a c k  opera t ions .  An i n v e s t i g a t i o n  t o  determine 
whether t h e  contaminat ion reached  an a c q u i f e r  used f o r  d r ink ing  



water  is  cont inu ing ,  A r e p o r t  on t h e  f i n d i n g s  of t h e s e  surveys  
w i l l  be r e p o r t e d  s e p a r a t e l y  a t  a later  date .  

A t  five l o c a t i o n s  near  t h e  P r o j e c t  Long Shot GZ, 3H a t t r i -  
buted t o  t h e  Long Shot test and/or  post -shot  o p e r a t i o n s  was 
found i n  w a t e r  samples c o l l e c t e d  from sha l low  w e l l s  or s u r f a c e  
waters,  The range  i n  c o n c e n t r a t i o n s  was 1.8~10-6  pCi /ml  t o  5.3~ 
10-6 p C i / m l ,  t h e  h ighes t  be ing  0.2 p e r c e n t  of  t h e  Concent ra t ion  
Guide, The c o n c e n t r a t i o n s  of  3H at b o t h  l o c a t i o n s ,  P r o j e c t  
Dr ibb le  and P r o j e c t  Long Shot,  w e r e  a lso (27 p e r c e n t  of t h e  maxi- 
mum contaminant  l e v e l  of  t h e  EPA Drinking Water Regula t ions  for 
t h i s  nuc l ide ,  None o f  t h e  sampled water sou rces  are used for 
d r i n k i n g  purposes,  



MONITORING DATA COLLECTION, ANALYSIS, AND EVALUATION 

The major p o r t i o n  of  t h e  Off -S i te  Rad io log i ca l  Sa fe ty  Program 
f o r  t h e  NTS c o n s i s t e d  o f  con t inuous ly  ope ra t ed  dosimetry  and a i r  
sampling networks and scheduled  c o l l e c t i o n s  o f  milk and water  S a m -  
p l e s  a t  l o c a t i o n s  sur rounding  t h e  NTS. Before  each  n u c l e a r  test, 
mobile moni tor ing personne l  were pos i t i oned  i n  t h e  o f f - s i t e  areas 
most l i k e l y  t o  be exposed t o  a p o s s i b l e  r e l e a s e  of r a d i o a c t i v e  
ma te r i a l .  These monitors ,  equipped w i t h  r a d i a t i o n  survey i n s t r u -  
ments, gamma e x p ~ s u r e - r a t e  r eco rde r s ,  thermoluminescent  dosim- 
eters (TLD's), p o r t a b l e  a i r  samplers ,  and s u p p l i e s  f o r  c o l l e c t i n g  
environmenta l  samples, were prepared  t o  conduct  a moni tor ing pro- 
gram d i r e c t e d  from t h e  NTS Con t ro l  Po in t  (CP-1) v i a  two-way r a d i o  
communications. I n  add i t i on ,  f o r  each  even t  a t  t h e  NTS, a  U.S. 
A i r  Force a i r c r a f t  w i t h  t w o  Reynolds Electrical and Engineer ing 
Company moni tor ing personne l  equipped w i t h  p o r t a b l e  r a d i a t i o n  sur- 
vey i n s t rumen t s  was a i r b o r n e  n e a r  s u r f a c e  ground z e r o  t o  detect 
and t r a c k  any r a d i o a c t i v e  e f f l u e n t .  One EMSL-LV c loud  sampling 
and t r a c k i n g  a i r c r a f t  was a l s o  a v a i l a b l e  t o  o b t a i n  in-cloud Sam- 
p l e s ,  assess t o t a l  c loud volume, and prov ide  long-range t r a c k i n g  
i n  t h e  even t  o f  a release of a i r b o r n e  r a d i o a c t i v i t y .  

During t h i s  r e p o r t  pe r iod ,  o n l y  underground n u c l e a r  detona- 
t i o n s  were conducted. All d e t o n a t i o n s  w e r e  contained.  However, 
d u r i n g  r e - en t ry  d r i l l i n g  o p e r a t i o n s ,  occas iona l  low level re- 
leases of a i r b o r n e  r a d i o a c t i v i t y ,  p r i m a r i l y  radioxenon, d i d  
occur ,  According t o  i n fo rma t ion  provided by t h e  Nevada Opera- 
t i o n s  Of f i ce ,  DOE, t h e  fo l l owing  q u a n t i t i e s  of r a d i o n u c l i d e s  
w e r e  released i n t o  t h e  atmosphere du r ing  CY 1977: 

TABLE 2. TOTAL AIRBORNE RADIONUCLIDE RELEASES AT THE 
NEVADA TEST SITE 

Quant i ty  Released 
Radionucl ide  ( C i )  

Total 36.636 



Continuous low-level  releases of  JH and *sKr occur  on t h e  
NTS. Tr i t ium i s  r e l e a s e d  p r i m a r i l y  from t h e  Sedan crater and by 
evapora t i on  from ponds formed by d ra inage  of water from t u n n e l  
test  a r e a s  i n  t h e  R a i n i e r  Mesa. Krypton-85 s lowly  s eeps  t o  t h e  
s u r f a c e  from underground test  areas. The q u a n t i t i e s  of rad io-  
a c t i v i t y  from seepage are n o t  q u a n t i f i e d ,  b u t  are d e t e c t e d  a t  on- 
s i te  sampling l o c a t i o n s  and sometimes a t  off-NTS loca t ions .  

Contained wi th in  t h e  fo l l owing  s e c t i o n s  o f  t h i s  r e p o r t  are 
d e s c r i p t i o n s  f o r  e a c h  s u r v e i l l a n c e  network and i n t e r p r e t a t i o n s  
of  t h e  a n a l y t i c a l  r e s u l t s  which are summarized (maximum, minimum, 
and a r i t h m e t i c  average  concen t r a t i ons )  i n  t a b l e s .  Where appro- 
p r i a t e ,  t h e  a r i t h m e t i c  averages  i n  t h e  tables a r e  compared t o  
t h e  a p p l i c a b l e  DOE Concent ra t ion  Guides (CGgs) l i s t e d  i n  Appen- 
d i x  B, Unless  s p e c i f i c a l l y  s tated o therwise ,  a l l  concen t r a t i on  
averages  a r e  arithmetic averages.  

For  grab^^ t y p e  samples, r a d i o n u c l i d e  c o n c e n t r a t i o n s  were 
e x t r a p o l a t e d  t o  t h e  a p p r o p r i a t e  c o l l e c t i o n  date, Concent ra t ions  
determined over  a  pe r iod  o f  t i m e  w e r e  e x t r a p o l a t e d  t o  t h e  mid- 
p o i n t  of t h e  c o l l e c t i o n  per iod ,  Concent ra t ion  ave rages  were 
c a l c u l a t e d  assuming t h a t  each  concen t r a t i on  less t h a n  t h e  mini- 
mum d e t e c t a b l e  concen t r a t i on  (MDC) was equa l  t o  t h e  MDC, excep t  
f o r  t h e  a i r b o r n e  r a d i o n u c l i d e  c o n c e n t r a t i o n  averages  determined 
f o r  t h e  A i r  S u r v e i l l a n c e  Network. Due t o  t h e  l a r g e  number o f  
a i r b o r n e  r a d i o n u c l i d e s  t h a t  can  be p r e s e n t  below t h e  MDC, t h o s e  
c o n c e n t r a t i o n s  less than  t h e  MDC w e r e  assumed t o  be z e r o  f o r  t h e  
computation o f  concen t r a t i on  averages ,  and only t h o s e  rad io-  
n u c l i d e s  d e t e c t e d  above t h e  MDC s o m e t i m e  du r ing  t h e  y e a r  w e r e  
averaged and repor ted.  

A l l  r a d i o l o g i c a l  a n a l y s e s  r e f e r r e d  t o  w i t h i n  t h e  t e x t  a re  
b r i e f l y  desc r ibed  i n  Table A-2 and  l i s ted wi th  t h e  minimum de- 
t e c t a b l e  c o n c e n t r a t i o n s  (MDCgs) , To assure v a l i d i t y  of t h e  data, 
a n a l y t i c a l  pe rsonne l  r o u t i n e l y  c a l i b r a t e  equipment, s p l i t  se- 
l e c t e d  samples (except  f o r  t h e  A i r  S u r v e i l l a n c e  Network) for  
r e p l i c a t e  ana lyse s ,  and ana lyze  s p i k e d  samples  p repared  by t h e  
Q u a l i t y  Assurance Branch, EMSL-LV, on a bi-monthly, q u a r t e r l y ,  
semi-annual, and annual  b a s i s  (EPA, i n  p r e s s ) ,  None of t h e  
q u a l i t y  a s su rance  checks for t h e  y e a r  i d e n t i f i e d  problems which 
would a f f e c t  t h e  r e s u l t s  r e p o r t e d  here. 

For t h e  purpose of  r o u t i n e l y  a s s e s s i n g  t h e  sampling r e p l i c a -  
t i o n  e r r o r  p l u s  a n a l y t i c a l / c o u n t i n g  errors a s s o c i a t e d  w i th  t h e  
c o l l e c t i o n  and a n a l y s i s  of  t h e  d i f f e r e n t  t y p e s  of network S a m -  
p l e s ,  a r e p l i c a t e  sampling program f o r  a l l  sample t y p e s  was 
i n i t i a t e d  a t  t h e  end o f  CY 1975 and con t inued  through 1977. A 
d e s c r i p t i o n  of  t h e  procedures and r e s u l t s  f o r  1976 w a s  p r e sen t ed  
i n  l a s t  y e a r ' s  r e p o r t  (EMSL-LV, 1977) . An eva lua ion  of t h i s  
y e a r ' s  r e s u l t s  w i l l  be r e p o r t e d  a t  a l a t e r  da te .  From t h e  re- 
s u l t s  o f  t h e  program i n  1976, t h e  v a r i a n c e s  observed i n  a l l  
s u r v e i l l a n c e  d a t a  w e r e  found t o  be g r e a t e r  t han  t h e  sampling and 



analy t ica l /count ing  e r r o r s  except  f o r  t h e  8sKr sampling and t h e  
monitoring of environmental gamma r a d i a t i o n  with TLD's. Appar- 
e n t l y  t h e  majori ty  of  t h e  v a r i a t i o n  i n  8 5 K r  concent ra t ions  ob- 
served i n  t h e  p a s t  has been pr imar i ly  due t o  t h e  sampling and 
ana ly t ica l /count ing  e r ro r s .  A s  t h e r e  a r e  no t  s u f f i c i e n t  TLD da ta  
f o r  any given s t a t i o n  i n  1 year ,  a proper assessment of t o t a l  
var iances  i n  TLD r e s u l t s  f o r  a given s t a t i o n  could not  be made t o  
compare t o  t h e  p rec i s ion  e r r o r  determination of t h i s  program. 

AIR SURVEILLANCE NETWORK 

The A i r  Surve i l lance  Network (ASN) was operated by t h e  EMSL- 
LV t o  monitor environmental l e v e l s  of r a d i o a c t i v i t y  and t o  d e t e c t  
any a i rborne  r e l e a s e s  of r a d i o a c t i v i t y  from NTS operat ions.  The 
Network cons is ted  of 48  a c t i v e  and 73 standby sampling s t a t i o n s  
loca ted  i n  21 Western S t a t e s  (Figures 10 and 11). Samples of 
a i rborne  p a r t i c u l a t e s  were c o l l e c t e d  continuously a t  each a c t i v e  
s t a t i o n  on 10-cm diameter, g l a s s - f i b e r  f i l t e r s  a t  a f low r a t e  of 
about 400 m3 of a i r  per  day, The f i l t e r s ,  which a r e  99.9 percent  
e f f i c i e n t  f o r  p a r t i c l e s  50.3 pm i n  diameter, were c o l l e c t e d  t h r e e  
t i m e s  per  week, r e s u l t i n g  i n  48- o r  72-hour samples from each 
a c t i v e  s t a t i o n ,  Activated charcoal  c a r t r i d g e s  d i r e c t l y  behind 
t h e  g la s s - f ibe r  f i l t e r s  were used r e g u l a r l y  f o r  t h e  c o l l e c t i o n  
of gaseous r ad io iod ines  a t  21 s t a t i o n s  near  t h e  NTS,  Charcoal 
c a r t r i d g e s  could have been added t o  a l l  o t h e r  s t a t i o n s  and a l l  
standby s t a t i o n s  could have been ac t iva ted ,  i f  necessary, by a 
telephone reques t  t o  s t a t i o n  ope ra to r s  o r  by f i e l d  personnel. A l l  
a i r  samples ( f i l t e r s  and c a r t r i d g e s )  w e r e  mailed t o  t h e  EMSL-LV 
f o r  ana lys i s .  Special  r e t r i e v a l  could have been arranged a t  
s e l e c t e d  l o c a t i o n s  i n  t h e  event  a release of r a d i o a c t i v i t y  
occurred, 

During t h e  year,  t h e  standby s t a t i o n s  w e r e  a c t i v a t e d  quar te r -  
l y  t o  check t h e  opera t ion  of t h e  samplers and t o  maintain an 
understanding of Network procedures by s t a t i o n  operators ,  I n  
a n t i c i p a t i o n  of a i rborne  r a d i o a c t i v i t y  from t h e  atmospheric 
nuclear  t e s t s  by t h e  People 's  Republic of China on September 17 
a t  0300 hours EDT, 67 of t h e  standby s t a t i o n s  were a c t i v a t e d  with 
f i l t e r s  and charcoal  c a r t r i d g e s  during t h e  per iod September 18 
through October 19. 

During t h e  r e p o r t  period,  no a i rborne  r a d i o a c t i v i t y  r e l a t e d  
t o  t h e  underground nuclear  t e s t i n g  program a t  t h e  Nevada T e s t  
S i t e  was de tec ted  on any sample from t h e  ASN. However, radio-  
a c t i v i t y  from t h e  nuclear  t e s t  by t h e  People 's  Republic of China 
was de tec ted  on f i l t e r s  and charcoal  car t r idges .  Appendix C 
s~immarizes t h e  a n a l y t i c a l  r e s u l t s  of those  samples conta in ing  
r a d i o a c t i v i t y  from t h i s  t e s t ,  



NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK 

The Noble G a s  and T r i t i u m  Surve i l l ance  Network, which was 
f i r s t  e s t a b l i s h e d  i n  March and Apr i l  1972, was opera ted  t o  moni- 
t o r  t h e  a i r b o r n e  l e v e l s  of radiokrypton, radioxenon, and t r i t i u m  
(am i n  t h e  forms of  t r i t i a t ed  hydrogen (HT) ,  t r i t i a t e d  water 
(HTO) , and t r i t i a t e d  methane (CHIT) . The Network c o n s i s t s  of 
f o u r  on-NTS and seven off-NTS s t a t i o n s  shown i n  Figure 12, Area 
51, which appears t o  be o f f  NTS, is considered t o  be on NTS a s  it 
is an  access-control led area with r a d i o l o g i c a l  s a f e t y  suppor t  
provided by NTS personnel,  

The equipment used i n  t h i s  Network is composed of t w o  sepa- 
r a t e  systems, a compressor-type a i r  sampler and a molecular 
sieve sampler. The compressor-type equipment cont inuously Sam- 
p l e s  a i r  over  a 7-day per iod  and s t o r e s  it i n  two p ressu re  tanks. 
The t anks  toge the r  hold approximately 2 m 3  of a i r  a t  atmospheric 
pressure.  They a r e  rep laced  weekly and re turned  t o  t h e  EMSL-LV 
where t h e  t ank  con ten t s  a r e  s e p a r a t e d  and analyzed f o r  esKr, 
radioxenons, and CH3T by gas chromatography and l i q u i d - s c i n t i l -  
l a t i o n  count ing techniques (Table A-2). The molecular s i e v e  e q u i p  
ment samples a i r  through a f i l t e r  t o  remove p a r t i c u l a t e s  and then 
through a series of molecular s i e v e  columns. Approximately 5 m3 
of a i r  a r e  passed through each sampler over a 7-day sampling 
period, From t h e  HTO absorbed on t h e  f i r s t  molecular s i e v e  col-  
umn, t h e  concent ra t ion  of 3 H  i n  pCi /ml  of recovered moisture and 
i n  pCi /ml  of  sampled a i r  is determined by l i q u i d - s c i n t i l l a t i o n  
count ing techniques,  The 38, passing through t h e  f i r s t  column 
a s  f r e e  hydrogen (HT),  is oxid ized  and c o l l e c t e d  on t h e  l a s t  
molecular s i e v e  column. From t h e  concent ra t ion  of 3 H  f o r  t h e  
moisture  recovered from t h e  l a s t  column, t h e  3 H  ( i n  pci /ml of 
sampled a i r )  as HT is determined, 

Table A-3 summarizes t h e  r e s u l t s  of t h i s  Network by l i s t i n g  
t h e  maximum, minimum, and average concent ra t ions  f o r  as-, t o t a l  
X e  or l 3 3 X e ,  3 H  a s  CHjT, 3 H  as HTO, and 3 H  a s  HT. The annual 
average concent ra t ions  f o r  each s t a t i o n  w e r e  c a l c u l a t e d  over  t h e  
t i m e  per iod  sampled assuming t h a t  a l l  values  less than  MDC w e r e  
equal  t o  t h e  MDC, A l l  concent ra t ions  of s s K r ,  X e  o r  1 3 3 X e ,  3 H  as 
CH3T, 3 H  as HTO, and 3H a s  HT are expressed i n  t h e  same u n i t ,  p C i /  
m l  o f  a i r .  Since t h e  3 H  concent ra t ion  i n  a i r  may vary  by f a c t o r s  
of 15-20 while  t h e  concent ra t ion  i n  p C i / m l  of  atmospheric water 
v a r i e s  by f a c t o r s  up t o  about 7 ,  t h e  JH concent ra t ion  i n  p c i / m l  
of atmospheric moisture is a l s o  given i n  t h e  t a b l e  as a more re- 
l i ab le  i n d i c a t o r  i n  cases  when background concent ra t ions  of HTO 
a r e  exceeded. 

A s  shown by Table A-3, t h e  average ssKr concent ra t ions  f o r  
t h e  year  were nea r ly  t h e  same f o r  a l l  s t a t i o n s ,  ranging from 1 . 9 ~  
10-11 pCi /ml  t o  2.1~10-11 p ~ i / m l ,  w i th  an o v e r a l l  average of 
1.96~10-11 pCi/ml. As shown by t h e  fol lowing t a b l e ,  t h e  esKr 
levels f o r  a l l  s t a t i o n s  have been gradual ly  increasing.  Since 



t h i s  happened f o r  a l l  l o c a t i o n s ,  t h e  i n c r e a s e  i s  probably a re- 
s u l t  of an i n c r e a s e  i n  t h e  ambient  concen t r a t i on  worldwide, p r i -  
mar i ly  as a r e s u l t  o f  nuc l ea r  r e a c t o r  opera t ions .  Based upon t h e  
Network average c o n c e n t r a t i o n s  over  a 5-year per iod ,  t h i s  i n c r e a s e  
amounts t o  3x10-13 t o  1.5~10-12 pCi/ml/y. 

TABLE 3. ANNUAL AVERAGE A I R  CONCENTRATIONS OF asKR, 1972- 1977 

Concentra t ion,  10-11 p C i / m l  
Locat i on  1972 1973 1974 1975 1976 1977 

Death Val ley Jct., Ca l i f .  1.6 1.5 1.8 1.7 2.0 2.0 
Beatty,  Nev. 1.6 1.6 1.7 1.9 2.0 2.0 
Diablo, Nev. 1.6 1.6 1.7 1 .8  1.9 1.9 
Hiko, Nev. 1.6 1.6 1.7 1.7 1.7 1.9 
Ind ian  Spr ings ,  Nev, - - - 2.0 2.0 2.0 
Las  Vegas, Nev, 1.6 1.6 1.7 1.8 1.8 2.0 
Mercury, NTS, Nev. 1.6 1.6 1.8 1.8 1.9 2.0 
A r e a  51, NTS, Nev. 1.6 1.6 1.7 1.8 2.0 1.9 
BJY, NTS, Nev. 1.7 1.8 1.9 1.9 2.0 2.1 
Area 12, NTS, Nev. 1.6 1.6 1.8 1.8 2.0 1.9 
Tonopah, Nev. 1.6 1.6 1.8 1.7 1.9 1.9 

T o t a l  Network 1.62 1.61 1.76 1.81 1.93 1.96 

The maximum c o n c e n t r a t i o n s  of esZr  f o r  a l l  s t a t i o n s  ranged from 
2.3~10-11 pCi/ml t o  3.5~10-11 pCi/ml (Table A-3). F r o m  t h e  ex- 
pected geometr ic  s t a n d a r d  d e v i a t i o n  r e s u l t i n g  from t h e  sampling 
and a n a l y t i c a l / c o u n t i n g  e r r o r s ,  as determined from t h e  R e p l i c a t e  
Sampling Program (EMSL-LV, 1977) , t h e  99 pe rcen t  upper conf idence  
l i m i t s  (UCLes) on t h e  geomet r ic  mean c o n c e n t r a t i o n s  of 8 s K r  would 
be  3.4~10-11 p C i / m l  o r  3.8~10-11 pCi/ml depending upon whether 
one i s  c o n s i d e r i n g  t h e  l o c a t i o n  having t h e  lowes t  geometr ic  mean 
c o n c e n t r a t i o n  (1.89~10-11 pCi/ml a t  Diablo and Hiko) f o r  t h e  yea r  
o r  t h e  l o c a t i o n  w i t h  t h e  h i g h e s t  geometric mean c o n c e n t r a t i o n  
(2.09~10-11 pCi/ml a t  BJY) . Based upon t h e  UCLes, a l l  t h e  Network 
s t a t i o n s  had v a r i a t i o n s  one would expect  from t h e  t o t a l  e r r o r s  of  
sample c o l l e c t i o n  and a n a l y s i s  determined from t h e  R e p l i c a t e  Sam- 
p l i n g  Program. 

Xenon-133 w a s  d e t e c t e d  above i ts MDC of  about 2x10-12 pCi/ml 
a t  t h e  l o c a t i o n s ,  per iods ,  and concen t r a t i ons  shown i n  t h e  
fo l lowing  t a b l e .  



TABLE 4. CONCENTRATIONS OF AIRBORNE 133XE DETECTED 
ON AND O F F  NTS 

1 3 3 X e  Concent ra t ion  
Sampling f2-Sigma Counting E r r o r  

Locat  i on  Pe r iod  (10-12 p C i / m l )  

Beat ty ,  hev, 

Diablo, Nev. 
Hiko, Nev. 
Las Vegas, Nev. 
Mercury, NTS, Nev. 
BJY, NTS, Nev. 

Area 12, NTS, Nev. 
Tonopah, Nev. 

A s  shown by t h e  table, d e t e c t a b l e  concen t r a t i ons  occur red  on ly  i n  - 
one o r  t w o  samples a t  each  l o c a t i o n .  The h i g h e s t  of  t h e s e  con- 
c e n t r a t i o n s  a t  an off-NTS l o c a t i o n  w a s  1.5~10-11 p C i / m l  a t  Tonopah, 
Nevada. I f  t h i s  l e v e l  had p e r s i s t e d  throughout  t h e  year ,  t h e  re- 
s u l t  would have been 0.02 p e r c e n t  o f  t h e  CG (Appendix B) .  

A s  i n  t h e  pas t ,  c o n c e n t r a t i o n s  o f  3 H  as HTO i n  a tmospher ic  
mois ture  were g e n e r a l l y  a t  background l e v e l s  a t  a l l  off-NTS s t a -  
t i o n s  and a t  t h e  on-NTS s t a t i o n s  Mercury and Area 51 excep t  for 
occas iona l  i n c r e a s e s  i n  i n d i v i d u a l  samples, The on-NTS s t a t i o n s  
of  BJY and Area 12 cont inued  t o  have c o n c e n t r a t i o n s  c o n s i s t e n t l y  
above background; t h e  c o n c e n t r a t i o n  averages  f o r  t h e s e  s t a t i o n s  
f o r  th i s  y e a r  w e r e  about  a f a c t o r  o f  5 g r e a t e r  t h a n  t h e  average  
c o n c e n t r a t i o n s  f o r  a l l  off-NTS s t a t i o n s ,  A l l  of t h e  off-NTS sta- 
t i o n s  had c o n c e n t r a t i o n s  o f  3 H  as HTO i n  a tmospher ic  mo i s tu re  
which w e r e  below t h e  expected upper l i m i t  of  background (approxi-  
mately 1.0~10-6 p C i / m l  H,O) used i n  t h e  pas t .  

The average  c o n c e n t r a t i o n s  o f  3 H  as HT (Table  A-3) a t  off-NTS 
Network s t a t i o n s  were comparable t o  t h e  averages  f o r  t h e s e  lo- 
c a t i o n s  l a s t  year.  This  yea r  t h e  averages  ranged from (6x10-13 
p C i / m l  t o  (2x10-12 pCi /ml ,  whereas l a s t  year  t h e  averages  ranged 
from (6x10-13 p C i / m l  t o  (3x10-12 pCi /ml .  F r o m  a  review of  t h e  
cumula t ive  f requency d i s t r i b u t i o n s  of  t h e  d a t a  f o r  each s t a t i o n  
and f o r  t h e  whole Network, a l l  c o n c e n t r a t i o n s  appeared t o  be 
p a r t  of  t h e  environmental  background. 

Concent ra t ions  o f  3 H  as CHjT w e r e  g e n e r a l l y  below t h e  MDC a t  
a l l  l o c a t i o n s  a s  normally observed. De tec t ab l e  c o n c e n t r a t i o n s  
d i d  occur  a t  Diablo, Hiko, Las Vegas, and Tonopah du r ing  t h e  
months of January,  March, August, and December. The maximum con- 
c e n t r a t i o n s  f o r  a l l  l o c a t i o n s  ranged between 5.0~10-12 p C i / m l  t o  



1 4 x 1 0 -  C m l  The t o t a l  of t h e  average 3H c o n c e n t r a t i o n s  
(HTO+HT+CH,T) f o r  t h e  l o c a t i o n s  having t h e  h i g h e s t  CH,T concen- 
t r a t i o n  (1.4~10-11 p C i / m l  a t  I nd i an  Spr ings)  was <0.009 pe rcen t  
of t h e  CG f o r  exposure t o  a s u i t a b l e  sample of  t h e  exposed popula- 
t i o n .  S ince  t h e  d e t e c t a b l e  c o n c e n t r a t i o n s  occur red  g e n e r a l l y  
throughout  t h e  Network bo th  on NTS and o f f  NTS a t  t h e  same l e v e l ,  
t h e  c o n c e n t r a t i o n s  w e r e  n o t  a t t r i b u t e d  t o  NTS opera t ions .  

DOSIMETRY NETWORK 

I During 1977, t h e  Dosimetry Network c o n s i s t e d  of 78 l o c a t i o n s  
sur rounding  t h e  Nevada T e s t  S i t e  which w e r e  monitored con t inuous ly  
wi th  thermoluminescent dos imete rs  (TLD's) . The f u n c t i o n  of  t h e  
Dosimetry Network is  t o  measure t h e  r a d i a t i o n  dose, i f  any, due 
t o  r e l e a s e s  o f  r a d i o a c t i v i t y  from t h e  NTS, T o  do  t h i s  t a s k  accu- 
r a t e l y  r e q u i r e s  an  a c c u r a t e  estimate o f  t h e  environmental  back- 
ground r a d i a t i o n  rate  a t  each moni tor ing l o c a t i o n  so t h a t  any ex- 
posure  i n  exces s  of  background may be noted. The a b i l i t y  t o  mea- 
s u r e  t h e  background r a t e ,  whi le  both  i n t e r e s t i n g  and necessary ,  
is  of  secondary importance t o  t h e  measurement of r a d i a t i o n  doses  
due t o  NTS a c t i v i t i e s .  

A s  shown i n  F igu re  13, a l l  t h e  s t a t i o n s  are l o c a t e d  w i t h i n  a 
270-km r a d i u s  o f  t h e  c e n t e r  o f  t h e  NTS and t h e s e  i n c l u d e  bo th  i n -  
h a b i t e d  and un inhab i t ed  l o c a t i o n s ,  Each Dosimetry Network s t a -  
t i o n  w a s  r o u t i n e l y  equipped wi th  three Harshaw Model 2271-G2 
(TLD-200) dos imete rs  which w e r e  exchanged on a q u a r t e r l y  bas i s .  
Within t h e  g e n e r a l  area covered by t h e  dosimetry  s t a t i o n s ,  25 
coope ra t i ng  o f f - s i t e  r e s i d e n t s  each wore a dosimeter  which was 
exchanged a t  t h e  same t i m e  as t h e  s t a t i o n  dosimeters ,  N o  r ad i a -  

. t i o n  exposures  due t o  t h e  c u r r e n t  n u c l e a r  t e s t i n g  program a t  t h e  
NTS w e r e  d e t e c t e d  by t h e  Dosimetry N e t m r k  dur ing  1977. 

The Model 227 1-G2 dos imete rs  c o n s i s t  of two s m a l l  "chips" of 
dysprosium-act ivated calcium f l u o r i d e ,  des igna ted  TLD-200 by t h e  
manufacturer ,  mounted i n  a window of  Tef lon p l a s t i c  a t t a c h e d  t o  
a smal l  aluminum card ,  An energy compensation s h i e l d  of 1.2-mm 
t h i c k  cadmium metal i s  p l aced  over  t h e  ch ips ,  and t h e  whole c a r d  
is then  s e a l e d  i n  a n  opaque p l a s t i c  con ta iner .  Three of t h e s e  
dos imete rs  a r e  p laced  i n  a rugged p l a s t i c  housing l o c a t e d  1 meter 
above t h e  ground a t  each  s t a t i o n  l o c a t i o n  t o  s t a n d a r d i z e  t h e  ex- 
posure  geometry and t o  p reven t  tamper ing or p i l f e r a g e .  

A f t e r  a p p r o p r i a t e  c o r r e c t i o n s  were made f o r  background ex- 
posure  accumulated d u r i n g  shipment between t h e  l a b o r a t o r y  and t h e  
moni tor ing l o c a t i o n ,  t h e  dos imete r  r ead ings  for each  s t a t i o n  w e r e  
averaged,  and t h i s  average  v a l u e  f o r  each s t a t i o n  w a s  compared 
t o  t h e  v a l u e s  from t h e  p a s t  yea r  t o  determine i f  t h e  new v a l u e  
was w i t h i n  t h e  range  of  p rev ious  background va lues  f o r  t h a t  s t a -  
t i o n .  Any va lues  s i g n i f i c a n t l y  g r e a t e r  t han  prev ious  v a l u e s  
would have l e d  t o  c a l c u l a t i o n s  of  n e t  exposure, whi le  v a l u e s  



s i g n i f i c a n t l y  less than previous ly  would have been examined t o  
determine poss ib le  reading o r  handling e r r o r s ,  The  r e s u l t s  from 
each of t h e  personnel dosimeters w e r e  compared t o  t h e  background 
value of t h e  n e a r e s t  s t a t i o n  t o  determine i f  a n e t  exposure had 
occurred. 

The smal l e s t  exposure i n  excess  of  background r a d i a t i o n  
which may be determined from t h e s e  dosimeter readings  depends 
p r imar i ly  on v a r i a t i o n s  i n  t h e  n a t u r a l  background exposure 
r a t e  a t  t h e  p a r t i c u l a r  s t a t i o n  loca t ion .  I n  t h e  absence of 
o the r  independent exposure rate measurements, it is necessary t o  
compare present  exposure r a t e s  wi th  p a s t  da ta  which have been 
accepted a s  r ep resen t ing  t h e  n a t u r a l  background, Typical ly ,  
t h e  s m a l l e s t  n e t  exposure observable  f o r  a  90-day monitoring 
period would be 5-15 mR i n  excess  of background, which ranges 
from 15-35 mR depending on loca t ion ,  The t e r m  wbackground,l~ 
a s  used i n  t h i s  context ,  r e f e r s  t o  n a t u r a l l y  occurr ing radio- 
a c t i v i t y  p l u s  a  con t r ibu t ion  from r e s i d u a l  man-made f i s s i o n  
products, 

Table A-4 lists t h e  maximum, minimum, and average dose equiv- 
a l e n t  r a t e  (mredday) measured a t  each s t a t i o n  i n  t h e  Network 
dur ing  1977 due t o  pene t ra t ing  gamma rad ia t ion ,  No allowance was 
made f o r  t h e  small a d d i t i o n a l  dose due t o  t h e  neutron component 
of t h e  cosmic r a y  spectrum, N o  s t a t i o n  exh ib i t ed  an exposure i n  
excess  of background, which under present  c r i t e r i a  is defined a s  
t h e  99 percent  confidence l i m i t  of  t h e  environmental background, 
It was noted i n  t h e  1976 r e p o r t  (EMSL-LV, 1977) t h a t  t h e  s t a t i o n  
a t  Mammoth Mountain, Ca l i fo rn ia ,  may have shown a small n e t  ex- 
posure. Addit ional  d a t a  have continued t o  show t h e  unusually 
l a r g e  and c y c l i c  v a r i a t i o n  a t  t h a t  l o c a t i o n  which i s  bel ieved t o  
be due t o  t h e  heavy winter  snow cover, 

TABLE 5, DOSIMETRY NETWORK SUMMARY FOR THE YEARS 1971-1977 

Environmental Radiat ion Dose Rate (mrem/y) 
Year Maximum Minimum Averaqe 

A s  shown i n  t h e  above t a b l e ,  t h e  average annual dose r a t e  f o r  
t h e  Dosimetry Network increased  i n  1977 over 1976, P a r t  of t h i s  
increase ,  approximately 3 m r e m  p e r  year,  was due t o  t h e  a d d i t i o n  



of  e i g h t  new s t a t i o n s  i n  1977, m o s t  o f  which e x h i b i t  dose r a t e s  
above t h e  average,  The s t a t i o n  wi th  t h e  h ighes t  dose  ra te  was 
one of t he se :  Stone Cabin Ranch, Nevada, w i th  170 m r e m  p e r  year,  
P a r t  of t h i s  i n c r e a s e  may have r e s u l t e d  from b iased  data due t o  
equipment problems, During t h e  readout  o f  t h e  d a t a  f o r  t h e  sec- 
ond ca l enda r  q u a r t e r ,  s e v e r e  mechanical problems w e r e  encountered 
i n  t h e  au tomat ic  TLD r eade r ,  c aus ing  many i n v a l i d  readings .  Th is  
i s  be l i eved  t o  have r e s u l t e d  i n  a d a t a  set f o r  t h a t  q u a r t e r  which 
is n o t i c e a b l y  d i s s i m i l a r  from t h e  remaining t h r e e  q u a r t e r s .  There 
has  been i n s u f f i c i e n t  t i m e  t o  ana lyze  t h e  e f f e c t  of  t h e s e  pro- 
blems, b u t  p r e l imina ry  i n d i c a t i o n s  are t h a t  t h e  dose  e s t i m a t e s  
f o r  t h a t  q u a r t e r  may have been i n f l a t e d .  

I n  o r d e r  t o  a s s u r e  t h e  c o n t i n u i n g  v a l i d i t y  of t h e  d a t a  from 
t h e  Dosimetry Netmrk ,  dos imete rs  were submit ted  t o  t h e  Thi rd  
I n t e r n a t i o n a l  In tercomparison of Environmental D o s i m e t e r s ,  con- 
ducted a t  t h e  Oak Ridge Nat iona l  Laboratory  i n  J u l y  and August 
1977, For dos imete rs  g iven a c o n t r o l l e d  exposure i n  t h e  l abora-  
t o r y ,  t h e  c a l c u l a t e d  exposure w a s  91,7*7,3 mR; t h e  mean exposure 
e s t ima ted  by a l l  p a r t i c i p a n t s  w a s  86.2f12,O mR; t h e  average  f o r  
t h e  EMSL-LV dos imete rs  was 86.3k8.9 mR, e s s e n t i a l l y  equa l  t o  t h e  
mean f o r  a l l  p a r t i c i p a n t s  and about  6 p e r c e n t  below t h e  c a l c u l a t e d  
value .  For dos imete rs  exposed under r a t h e r  unusual  f i e l d  condi-  
t i o n s ,  t h e  c a l c u l a t e d  exposure  w a s  34.9k2.4 mR; t h e  mean exposure 
f o r  a l l  p a r t i c i p a n t s  31,5*6,5 mR; t h e  average  f o r  t h e  EMSL-LV 
dos imete rs  w a s  29.1*2,2 mR, 7 pe rcen t  less t h a n  t h e  mean v a l u e  
f o r  a l l  p a r t i c i p a n t s  and 17 p e r c e n t  less than  t h e  c a l c u l a t e d  
value ,  These r e s u l t s  t e n d  t o  i n d i c a t e  t h a t  t h e  p r e s e n t  c a l i b r a -  
t i o n  t echn iques  used by EMSL-LV underes t imate  t h e  exposure. In- 
v e s t i g a t i o n s  are con t inu ing  i n t o  t h e  sou rce  of  t h i s  b ias ,  

A network of  11 fu l l - t ime  and 19 s tandby  s t a t i o n a r y  gamma ex- 
posure  rate r e c o r d e r s  (Figure  13) w a s  a l s o  used a t  s e l e c t e d  a i r  
sampling l o c a t i o n s  t o  document any changes i n  t h e  ambient expo- 
s u r e  rate. These u n i t s  u s e  a 2.5- by 30.5-cm cons t an t - cu r r en t  
i o n i z a t i o n  chamber ( f i l l e d  w i t h  methane) as t h e  d e t e c t o r ,  o p e r a t e  
on e i t h e r  115V a.c, o r  a  s e l f - con ta ined  b a t t e r y  pack, and r eco rd  
on a paper  s t r i p  c h a r t ,  They have a r ange  from 0.004 mR/h t o  
40 mR/h wi th  an accuracy of about  f10 pe rcen t ,  The s tandby re- 
c o r d e r s  w e r e  e x e r c i s e d  a t  t h e  same t i m e  as t h e  s tandby  a i r  Sam- 
p l i n g  s t a t i o n s ,  and w e r e  r u n  con t inuous ly  dur ing  t h e  expec ted  per- 
i o d s  of  f a l l o u t  from t h e  a tmospher ic  nuc l ea r  tests  by t h e  People ' s  
Republ ic  of China, N o  i n c r e a s e  i n  exposure rates a t t r i b u t a b l e  
t o  c u r r e n t  NTS o p e r a t i o n s  w a s  d e t e c t e d  by t h e s e  recorders .  

MILK SURVEILLKNCE NFTWORK 

Milk i s  on ly  one o f  t h e  s o u r c e s  o f  d i e t a r y  i n t a k e  of environ- 
mental  r a d i o a c t i v i t y .  However, it is a ve ry  convenient  i n d i c a t o r  
of  t h e  g e n e r a l  popu la t i on ' s  i n t a k e  of  b i o l o g i c a l l y  s i g n i f i c a n t  
r a d i o n u c l i d e  contaminants.  For t h i s  reason it is  monitored on a 



r o u t i n e  bas i s .  Few of t h e  f i s s i o n  product  r a d i o n u c l i d e s  become 
inco rpo ra t ed  i n t o  t h e  milk due t o  t h e  s e l e c t i v e  metabolism o f  t h e  
cow. However, t h o s e  t h a t  are i n c o r p o r a t e d  are ve ry  impor t an t  
from a r a d i o l o g i c a l  h e a l t h  s t a n d p o i n t  and are a ve ry  s e n s i t i v e  
measure o f  t h e i r  c o n c e n t r a t i o n s  i n  t h e  environment. The s i x  most 
common f i s s i o n  produc t  r a d i o n u c l i d e s  which can occur i n  milk a r e  
JH, b9Sr, *oSr, 1311, 1 3 7 C s ,  and 1*oBa. A seven th  r ad ionuc l ide ,  
*OK, a l s o  occurs  i n  milk a t  a r ea sonab ly  c o n s t a n t  concen t r a t i on  
of  about  1,2x10-6 pCi/ml.  S i n c e  t h i s  is a n a t u r a l l y  occu r r ing  
r ad ionuc l ide ,  it was n o t  i nc luded  i n  t h e  a n a l y t i c a l  r e s u l t s  sum- 
marized i n  t h i s  s e c t i o n .  

The milk s u r v e i l l a n c e  networks o p e r a t e d  by t h e  EMSL-LV were 
t h e  r o u t i n e  Milk S u r v e i l l a n c e  Network (MSN) and t h e  Standby Milk 
S u r v e i l l a n c e  Network (SMSN), The MSN, du r ing  1977 (F igure  14) ,  
c o n s i s t e d  of  23 d i f f e r e n t  l o c a t i o n s  where 3 .8 - l i t e r  milk samples 
were c o l l e c t e d  t o  r e p r e s e n t  f ami ly  cows, commerical p a s t e u r i z e d  
milk  producers,  Grade A raw milk i n t ended  f o r  p a s t e u r i z a t i o n ,  and 
Grade A r a w  milk f o r  l o c a l  consumption. I n  t h e  even t  of  a  release 
of  a c t i v i t y  from t h e  NTS, i n t e n s i v e  sampling would have been con- 
duc ted  i n  t h e  a f f e c t e d  a r e a  w i t h i n  a 480-km r a d i u s  of CP-1, NTS, 
t o  a s s e s s  t h e  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  milk,  t h e  r a d i a t i o n  
doses  t h a t  cou ld  r e s u l t  from t h e  i n g e s t i o n  of  t h e  milk, and t h e  
need f o r  p r o t e c t i v e  a c t i o n ,  Samples are c o l l e c t e d  from milk 
s u p p l i e r s  and producers  beyond 480 km wi th in  t h e  SMSN. 

During 1977, 85 milk samples w e r e  c o l l e c t e d  from t h e  MSN on 
a q u a r t e r l y  c o l l e c t i o n  schedule ,  During t h i s  r e p o r t  per iod,  t w o  
changes w e r e  made i n  t h e  Network. The S t an fo rd  Ranch a t  Trona, 
C a l i f o r n i a ,  r e p l a c e d  t h e  R i l e y  Ranch i n  Olancha, C a l i f o r n i a .  
Also, a f a m i l y  c o w  l o c a t e d  i n  A l a m o ,  Nevada, was added t o  t h e  
Network. 

Each MSN milk sample was ana lyzed  f o r  gamma-emitters and 
09t9oSr. Samples c o l l e c t e d  a t  s i x  l o c a t i o n s  from t h e  MSN w e r e  
a l s o  ana lyzed  f o r  JH. Table  A-2 lists t h e  g e n e r a l  a n a l y t i c a l  
p rocedures  and d e t e c t i o n  l i m i t s  f o r  t h e s e  ana lyse s ,  

The SMSN c o n s i s t e d  of  about  140 Grade A mi lk  p roces s ing  
p l a n t s  i n  a l l  S t a t e s  w e s t  of  t h e  M i s s i s s i p p i  River. Managers of  
t h e s e  f a c i l i t i e s  could  be  r e q u e s t e d  by te lephone  t o  collect raw 
milk samples r e p r e s e n t i n g  milk  sheds  supp ly ing  milk  t o  t h e  plants , ,  
S ince  t h e r e  w e r e  n9 releases of  r a d i o a c t i v i t y  from t h e  NTS or 
o t h e r  test l o c a t i o n s ,  t h i s  network w a s  n o t  a c t i v a t e d  e x c e p t  t o  
r e q u e s t  one sample from most o f  t h e  l o c a t i o n s  t o  check t h e  r ead i -  
n e s s  and r e l i a b i l i t y  of  t h e  network. During t h e  months of A p r i l  
and May, 116 milk samples w e r e  c o l l e c t e d  and analyzed by gamma 
spectrometry ,  Samples s e l e c t e d  from a l l  Western S t a t e s  were a l s o  
analyzed f o r  3 H  and  89f90Sr ,  During t h e  months of September and 
October, a n  a d d i t i o n a l  69 milk samples w e r e  c o l l e c t e d  from t h e  
same SMSN s t a t i o n s  i n  t h e  S t a t e s  of  Arizona, Arkansas, C a l i f o r n i a ,  
Colorado, Minnesota, and Nevada, due t o  concern f o r  t h e  f a l l o u t  



f r o m  t h e  a tmospher ic  nuc l ea r  test  conducted by t h e  People ' s  Re- 
p u b l i c  of China on September 17, 1977. These samples were ana- 
lyzed  on ly  by gamma spectrometry .  

The a n a l y t i c a l  r e s u l t s  of  mi lk  samples c o l l e c t e d  from t h e  M S N  
d u r i n g  1977 are summarized i n  Table  A-5, where t h e  maximum, mini- 
mum, and average  c o n c e n t r a t i o n s  o f  t h e  1 3 7 C s ,  1311, 89, 9OSr, and 
3 H  i n  samples c o l l e c t e d  d u r i n g  t h e  yea r  are shown f o r  each sam- 
p l i n g  l o c a t i o n .  As shown by t h e  fo l lowing  t a b l e ,  t h e  ave rage  
r a d i o n u c l i d e  c o n c e n t r a t i o n s  f o r  t h e  whole Network are comparable 
t o  t h o s e  f o r  t h e  SMSN, i f  n o t  s l i g h t l y  lower, 

TABLE 6. SUMMARY OF RADIONUCLIDE CONCENTRATIONS 
FOR M I L K  SURVEILLANCE NETWORK AND STANDBY 

SURVEILLANCE NETWORK 

Concent ra t ion  
(10-9 pCi /ml)  

No. o f  C C C 
Network Radioncul ide  Samples Max Min Avq 

MSN 

SMSN 

The c o n c e n t r a t i o n s  of 1 3 7 C s ,  1311, 89Sr8 90Sr, and 3 H  f o r  t h e  
MSN shown i n  Table  6 w e r e  f o r  a l l  samples c o l l e c t e d  du r ing  t h e  
e n t i r e  year.  The 1 3 7 C s ,  89Sr, 9oSr, and 3H r e s u l t s  f o r  t h e  SMSN 
a r e  f o r  samples c o l l e c t e d  d u r i n g  A p r i l  and May 1977, dur ing  t h e  
annual  Network a c t i v a t i o n .  The 1311 l e v e l s  f o r  t h e  SMSN are f o r  
samples c o l l e c t e d  d u r i n g  September and October 1977, The on ly  
1311 r e s u l t s  f o r  t h e  MSN were f o r  samples c o l l e c t e d  i n  October 
du r ing  t h e  f o u r t h  q u a r t e r  r o u t i n e  c o l l e c t i o n .  A s  s i m i l a r  levels 
of  1311 w e r e  observed i n  t h e  samples from t h e  SMSN, a l l  1311  

c o n c e n t r a t i o n s  were a t t r i b u t e d  t o  t h e  Chinese t e s t  of September 
17, 1977. 



LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

During t h i s  r e p o r t i n g  period,  EMSL-LV personnel continued t h e  
c o l l e c t i o n  and a n a l y s i s  of w a t e r  samples from w e l l s ,  spr ings ,  and 
spring-fed s u r f a c e  water sources  which a r e  down t h e  hydrologic 
g rad ien t  of  t h e  groundwater a t  t h e  NTS and a t  off-NTS sites of 
underground nuclear  de tonat ions  t o  monitor f o r  any migration of 
t e s t - r e l a t e d  radionucl ides  through t h e  movement of groundwater. 
The water samples were c o l l e c t e d  f r o m  wellheads o r  sp r ing  d i s -  
charge po in t s  wherever possible .  P r i o r  t o  each sampling a t  a 
wellhead, water was pumped from t h e  a q u i f e r  t o  a s s u r e  t h e  co l l ec -  
t i o n  of r e p r e s e n t a t i v e  samples. I f  pumps w e r e  not  ava i l ab le ,  an 
e lec t r ica l -mechanica l  water sampler capable  of  c o l l e c t i n g  3 - l i t e r  
samples a t  depths t o  1800 m w a s  used. 

Nevada Tes t  S i t e  

For t h e  NTS, at tempts  w e r e  made t o  sample 10 l o c a t i o n s  month- 
l y  and 20 l o c a t i o n s  semi-annually (Figures 15 and 16). Addition- 
a l l y ,  samples w e r e  c o l l e c t e d  annual ly from 12 loca t ions .  N o t  a l l  
s t a t i o n s  could be sampled with t h e  d e s i r e d  frequency because of 
inclement weather condi t ions  and inopera t ive  pumps. 

During t h e  year ,  sampling a t  Test  W e l l  B was changed from 
semi-annual t o  m ~ n t h l y  c o l l e c t i o n ,  sampling a t  Watertown No. 3 
was terminated, Shoshone Spring w a s  changed from semi-annual col-  
l e c t i o n  t o  annual, and t h e  Union Carbide W e l l  a t  Tempiute was 
added t o  t h e  annual co l l ec t ion .  

For each sampled loca t ion ,  samples of raw water, f i l t e r e d  
water, and f i l t e r e d  and a c i d i f i e d  water w e r e  co l lec ted .  The raw 
w a t e r  samples were analyzed f o r  JH. Por t ions  of t h e  f i l t e r e d  and 
a c i d i f i e d  samples were given radiochemical ana lyses  by t h e  cri- 
t e r i a  summarized i n  Table A-6. Table A-2 summarizes t h e  ana- 
l y t i c a l  techniques used. Each f i l t e r  w a s  a l s o  analyzed by gamma 
spectrometry, 

Tables A-7, A-8, and A-9 list t h e  a n a l y t i c a l  r e s u l t s  f o r  a l l  
samples c o l l e c t e d  and analyzed dur ing  t h i s  r e p o r t i n g  period and 
compare them t o  t h e  C G t s  (Appendix B) . A s  i n d i c a t e d  by Table 
A-6, t h e  analyses  f o r  89190Sr, *26Ra, 2 3 4 U ,  2 3 5 U  238U, 238Pu, 
and 239Pu, which were normally done a t  least once during t h e  year 
on a sample from each loca t ion ,  w e r e  no t  made u n l e s s  t h e  l e v e l s  
of g ross  alpha and gross  b e t a  r a d i o a c t i v i t y  i n  any sample showed 
an unexpected increase.  A s  no i n c r e a s e s  w e r e  observed i n  t h e  
gross  a lpha  and gross  be ta  r a d i o a c t i v i t y  during t h e  year,  no addi- 
t i o n a l  ana lyses  were required.  The ranges i n  r a d i o a c t i v i t y  were 
(2x10-9 p C i / m l  t o  1.9~10-6 p C i / m l  and (3x10-8 p C i / m l  t o  2.0~10-8 
p C i / m l ,  r espec t ive ly .  

A s  i n  t h e  pas t ,  3 H  was d e t e c t e d  i n  NTS W e l l s  C (Table A-7) 



and C-1 (Table A-8) due t o  tracer experiments conducted p r i o r  t o  
t h e  commencement of  t h i s  s u r v e i l l a n c e  program. A l l  3 H  concentra-  
t i o n s  were below 0.01 pe rcen t  o f  t h e  Concentra t ion Guide f o r  an  
occupa t iona l ly  exposed person, 

A s  observed l a s t  yea r ,  t h o s e  l o c a t i o n s  from which samples 
were c o l l e c t e d  having 3 H  c o n c e n t r a t i o n s  g r e a t e r  t h a n  normal w e r e  
W e l l  U3CN-5 and W e l l  B (Table A-7) l o c a t e d  on NTS. W e l l  U3CN-5 
had three o u t  o f  e l even  samples du r ing  t h e  year  which had 3 H  con- 
c e n t r a t i o n s  of  2. 0x10-7 p C i / m l ,  1.6~10-7 p C i / m l ,  and 2 , 3 ~ 1 0 - ~  p C i /  
m l ;  a l l  o t h e r  c o n c e n t r a t i o n s  ranged from (8x10-9 p C i / m l  t o  2 . 5 ~  
10-8 p C i / m l .  The s i x  samples from W e l l  B c o n s i s t e n t l y  had 3 H  con- 
c e n t r a t i o n s  h ighe r  t han  normal, r ang ing  from 1.5~10-7 pCi/ml t o  
3 .3~10-7 pCi/ml .  No e x p l a n a t i o n  f o r  t h e  l e v e l s  is  ava i l ab l e .  A l l  
3 H  c o n c e n t r a t i o n s  w e r e  below 0.01 p e r c e n t  of t h e  Concent ra t ion  
Guide f o r  an  o c c u p a t i o n a l l y  exposed person, A l l  3 H  c o n c e n t r a t i o n s  
were a l s o  <3 p e r c e n t  o f  t h e  maximum contaminant  l e v e l  of t h e  EPA 
Drinking Water Regula t ions  f o r  t h i s  n u c l i d e  (Appendix B) . 

Other T e s t  S i t e s  

The annual  c o l l e c t i o n  and r a d i o l o g i c a l  a n a l y s i s  of water 
samples w e r e  con t inued  f o r  t h i s  program a t  a l l  off-NTS sites of 
underground n u c l e a r  de tona t ions ,  The p r o j e c t  sites a t  which sam- 
p l e s  were c o l l e c t e d  a r e  P r o j e c t  Gnome n e a r  Car lsbad,  New Mexico; 
P r o j e c t  F a u l t l e s s  i n  C e n t r a l  Nevada; P r o j e c t  Shoal  nea r  Fa l lon ,  
Nevada; P r o j e c t  Gasbuggy i n  Rio Arr iba  County, New Mexico; Pro- 
ject Rul ison near  R i f l e ,  Colorado; P r o j e c t  Dr ibb le  a t  Tatum Dome, 
Mis s i s s ipp i ;  P r o j e c t  Rio Blanco nea r  Meeker, Colorado; and Pro- 
jects Long Shot/Milrow/Cannikin on  Arnchitka I s l a n d ,  Alaska- The 
l a t t e r  f o u r  sites, which w e r e  p r e v i o u s l y  sampled by t h e  U.S. 
Geologica l  Survey, w e r e  sampled by t h e  EPA f o r  t h e  f i r s t  t i m e  i n  
1977. F igu re s  17 th rough  28 i d e n t i f y  t h e  sampling l o c a t i o n s ,  and 
Table  A-1 lists a d d i t i o n a l  i n fo rma t ion  on t h e  l o c a t i o n  of each  
s i t e  and tes ts  performed a t  t h e s e  l oca t i ons .  

A l l  samples were analyzed i n  accordance wi th  t h e  same c r i t e r i a  
(Table A-6) a s  f o r  samples c o l l e c t e d  on and around t h e  NTS. Sam- 
p l e s  were c o l l e c t e d  f o r  t h e  f i r s t  t i m e  a t  t h e  P r o j e c t  R i o  Blanco 
s i t e  and P r o j e c t s  Long Shot/Milrow/Cannikin sites, and t h e r e f o r e  
w e r e  ana lyzed  f o r  89r90Sr, 2 2 6 R a ,  23er235,238U, and 2381239Pu. 
The r e s u l t s  o f  a l l  ana lyse s  are l i s t e d  or summarized i n  Table  
A-10 and compared t o  t h e  a p p r o p r i a t e  C G ' s  (Appendix B) excep t  f o r  
P r o j e c t  R i o  Blanco, A s  t h e  s p e c i a l  ana lyse s  (8919OSr, 2 2 6 R a ,  
*34r235,238U, and 238,239PU) f o r  samples from this l o c a t i o n  w e r e  
n o t  i n i t i a t e d  u n t i l  t h e  la t ter  p a r t  of t h e  year,  t h e  a n a l y s e s  
w e r e  n o t  completed i n  t i m e  f o r  t h i s  r epo r t .  

The r anges  i n  c o n c e n t r a t i o n s  o f  g r o s s  a lpha  r a d i o a c t i v i t y ,  
g r o s s  b e t a  r a d i o a c t i v i t y ,  and 3 H  i n  samples c o l l e c t e d  from a l l  
p r o j e c t  sites were <8x10-10 p C i / m l  t o  <2x10-9 p C i / m l ,  <4x10-9 



p C i / m l  t o  4.7~10-8 v C i / m l ,  and (7x10-9 p C i / m l  t o  5.3~10-6 pCi /ml ,  
r e spec t ive ly ,  The observed r a d i o a c t i v i t y  concent ra t ions  w e r e  
s i m i l a r  t o  those  observed i n  t h e  past .  No a n a l y t i c a l  r e s u l t s  of 
samples c o l l e c t e d  previous ly  a t  P ro jec t  Rio Blanco w e r e  ava i l -  
ab le ;  however, t h e  concent ra t ions  of gross  alpha r a d i o a c t i v i t y ,  
g ross  b e t a  r a d i o a c t i v i t y ,  and 3 H  i n  t h i s  year 's  samples w e r e  com- 
parable  to  those  observed i n  t h e  samples c o l l e c t e d  a t  t h e  P r o j e c t  
Rulison s i t e  near R i f l e ,  Colorado. The g ross  a lpha  and g r o s s  
be ta  r a d i o a c t i v i t y  concent ra t ion  i n  samples c o l l e c t e d  a t  t h e  Pro- 
j e c t s  Long Shot/Milrow/Cannikin sites w e r e  comparable t o  t h o s e  
observed i n  samples from o t h e r  sites and i n  samples c o l l e c t e d  i n  
August 1973, May 1974, and August 1974 by t h e  U-S. Geological 
Survey (Ballance, 1974; Thordarson and Ballance, 1976) and i n  sam- 
p l e s  c o l l e c t e d  i n  August 1976 by Universi ty  of Washington (Nelson 
and Seymour, 1977). The 3 H  concent ra t ions  i n  s e v e r a l  samples 
c o l l e c t e d  a t  t h e  Projec t  Long Shot s i te  w e r e  higher  than  normal, 
i.e., 5.3~10-6 p C i / m l  a t  W e l l  GZ No. 1, 1.8~10-6 y C i / m l  a t  W e l l  
GZ No. 2, 2.0~10-6 p C i / m l  a t  Mud P i t  No, 1, 2.5~10-6 p C i / m l  a t  
Mud P i t  No. 2, and 3.4~10-6 p C i / m l  a t  Mud P i t  No. 3. The h ighes t  
of t h e s e  concent ra t ions ,  5-3x10-6 pCi /ml ,  was 0.2 percent  of t h e  
of t h e  CG f o r  3H. A s  t h e s e  samples w e r e  c o l l e c t e d  near t h e  Long 
Shot GZ, t h e  higher than normal l e v e l s  of 3 H  were a t t r i b u t e d  t o  
t h e  Long Shot t e s t ,  The W.S. Geological Survey (Ballance, 1974; 
Thordarson and Ballance, 1976) a l s o  repor ted  3H concent ra t ions  of 
t h i s  magnitude (concentrat ion range o f  1, 3x1 0-6 p C i / m l  t o  1 . 3 ~  
10-4 p C i / m l )  i n  s u r f a c e  water and w e l l  samples c o l l e c t e d  a t  t h r e e  
l o c a t i o n s  near t h e  P r o j e c t  Long Shot GZ. The Universi ty  of Wash- 
ington  (Nelson and Seymour, 1977) r epor ted  3 H  concent ra t ions  a s  
high a s  1.13~10-s p C i / m l  i n  s u r f a c e  waters near t h e  GZ, 

One s u r f a c e  water sample from Half Moon Creek Overflow, near  
Bax te rv i l l e ,  Mississ ippi ,  had a 3 H  concent ra t ion  (1 -8~10-6  p C i /  
m l )  h igher  than  concent ra t ions  observed i n  o t h e r  su r f  a c e  water 
samples c o l l e c t e d  near t h e  P r o j e c t  Dr ibble  site. The 3 H  concen- 
t r a t i o n s  a t  this l o c a t i o n  have been c o n s i s t e n t l y  high (2.4~10-6 
p C i / m l  i n  1976, 2.2~10-6 p C i / m l  i n  1975, 5,1x10-6 pCi /ml  i n  1974) 
over  t h e  previous 3 years,  Fur ther  explora tory  surveys during 
t h i s  year i d e n t i f i e d  sub-surface 3H so i l  contamination l e f t  from 
post-shot d r i l l -back  opera t ions  as t h e  source of t h e  3H. A re- 
p o r t  on t h e  f ind ings  of t h e s e  surveys w i l l  be r epor ted  s e p a r a t e l y  
a t  a l a t e r  date. 

A s  r epor ted  i n  previous annual r epor t s ,  concent ra t ions  of 
r a d i o a c t i v i t y  above background w e r e  observed i n  samples c o l l e c t e d  
from USGS W e l l s  4  and 8 near Malaga, New Mexico (Table A-10). 
These wells ,  which a r e  fenced, posted,  and locked t o  prevent  t h e i r  
use by unauthorized personnel, w e r e  contaminated by t h e  i n j e c t i o n  
of  high concent ra t ions  of JH, 9oSr, and 1 3 7 C s  (USGS W e l l  No. 8 
only) f o r  a  t r a c e r  study. 

Several  samples c o l l e c t e d  from t h e  P r o j e c t s  Long Shot/Milrow/ 
Cannikin sites had concent ra t ions  of 9 o S r  and 238Pu t h a t  w e r e  



above t h e  MDCms f o r  t h e s e  r ad ionuc l ides .  The l o c a t i o n s  and re- 
s u l t s  f o r  t h e s e  samples are as  fol lows:  

TABLE 7, DETECTABLE CONCENTRATIONS OF 9oSR AND 23ePU 
I N  WATER SAMPLES 

Concent ra t ion  f3-Sigma 
Radio- Counting E r r o r  

Locat ion n u c l i d e  (10-9 p C i / m l )  

P r o j e c t  Cannikin 

South End of  
Cannikin Lake 

North End of  
Caanikin  Lake 

W e l l  HTH-3 

Ice Box Lake 

whi te  A l i c e  Creek 9oSr 
23SpU 

P i t  South of 
Cannikin GZ 

P r o j e c t  M i l r o w  

H e a r t  Lake 

R i f l e  Range Creek 

Pr oiect Lonq Shot 

Reed Pond. 

W e l l  GZ No, 1 

W e l l  WL-1 

Mud P i t  No, 1 0.030 f 0.041* 
(cont inued)  



TABLE 7, (continued) 

Concentration f3-Sigma 
Radio- Counting Er ro r  

Location n u c l i d e  (10-9 p C i / m l )  

Mud P i t  No, 3 2 38Pu 0.032 i 0.038* 

Amchitka Backqround Sample 

Jones Lake 

Severa l  of t h e s e  concen t ra t ions  annotated w i t h  an a s t e r i s k  
(*) w e r e  less than  o r  s u f f i c i e n t l y  c l o s e  t o  t h e  three-sigma count- 
i n g  e r r o r  whereby they were considered t o  be t h e  r e s u l t  of sta- 
t i s t i c a l  e r r o r  and not  n e c e s s a r i l y  a t r u e  i n d i c a t i o n  of t h e  pre- 
sence of t h e s e  radionucl ides ,  Those concent ra t ions  which w e r e  
g r e a t e r  than  t h e  three-sigma counting e r r o r  w e r e  f o r  samples from 
sur face  waters and shal low w e l l s  which could poss ib ly  have been 
a f f e c t e d  by atmospheric f a l l o u t ,  

WHOLE-BODY COUNTING 

Twenty f a m i l i e s  c o n s i s t i n g  of  60 r e s i d e n t s  from 13 l o c a t i o n s  
near  t h e  NTS were examined t w i c e  during t h e  year t o  determine 
t h e i r  body burdens of r a d i o a c t i v i t y  and t o  watch f o r  any physiolo- 
g i c a l  changes t h a t  could be a t t r i b u t a b l e  t o  t h e  e f f e c t s  of a c u t e  
o r  chronic  exposure t o  r a d i a t i o n  or r a d i o a c t i v i t y ,  When possible ,  
a l l  members o f  a family w e r e  inc luded in t h e  examinations. The 
home l o c a t i o n s  of t h e s e  i n d i v i d u a l s  w e r e  Pahrump, Lund, Beatty,  
Cal iente ,  Pioche, Nyala, Round Mountain, Ely, Tempiute, Goldfield,  
La th rop  W e l l s ,  Tonopah, and Spr ing  Meadow Farms, Nevada. 

Each examination cons i s t ed  of  a measurement of t h e  body bur- 
den of r a d i o a c t i v i t y  with t h e  whole-body counting f a c i l i t y  de- 
sc r ibed  previous ly  (NERC-LV, 1 974) , a complete hematological ex- 
amination, and a thyro id  p r o f i l e ,  A u r i n e  sample w a s  also col- 
l e c t e d  from each ind iv idua l  f o r  3 H  ana lys i s ,  and a composite of 
u r i n e  samples from each family was analyzed f o r  238Pu and 239Pu. 

From t h e  r e s u l t s  of t h e  whole-body counting, t h e  f i s s i o n  pro- 
duct  1 3 7 C s  w a s  de tec ted  above t h e  de tec t ion  l i m i t  i n  94 o u t  of 
117 measurements. The maximum, minimum, and average body burdens 
f o r  t h i s  r ad ionuc l ide  w e r e  3.9~10-8, 5.0~10-9, and 1.4~10-8 pCi/g 
body weight, r e spec t ive ly ,  which w e r e  s i m i l a r  t o  l a s t  y e a r ' s  con- 
c e n t r a t i o n s  (maximum of 2.8~10-8 pCi/g; minimum of 5.0~10-9; and 



average  o f  1 . 2 ~  10-8 pCi/g body weight)  . 
I n  r e g a r d  t o  t h e  hematological  examinations and t h y r o i d  pro- 

f i l e s ,  no abnormal r e s u l t s  w e r e  observed which cou ld  be  a t t r i b u t e d  
t o  p a s t  or p r e s e n t  NTS t e s t i n g  ope ra t i ons .  

From t h e  a n a l y t i c a l  r e s u l t s  f o r  u r i n e  samples, 2JePu con- 
c e n t r a t i o n s  s l i g h t l y  above t h e  d e t e c t i o n  l i m i t  w e r e  observed i n  
f o u r  composite samples, which had a maximum c o n c e n t r a t i o n  and 
two-sigma coun t ing  e r r o r  of 1 . 0 ~ 1 0 - ~ ~ i 0 . 5 6 ~ 1 0 - ~ ~  p C i / m l ,  a  mini- 
mum of 2.2~10-12 f 2,2x10-11 pCi/ml, and an average of 5,SxlO-ll 
p C i / m l ,  Plutonium-239 w a s  r e p o r t e d  i n  o n l y  one composite sample, 
Its c o n c e n t r a t i o n  w a s  2 .9~10- l l f1 .8~10-11  p C i / m l ,  The concen- 
t r a t i o n s  of JH observed i n  u r i n e  samples (average of 7,OxlO-7 
w i t h  a  range  o f  2.0~10-7 t o  2.0~10-6 p C i / m l )  w e r e  w i t h i n  t h e  
range o f  background c o n c e n t r a t i o n s  normal ly  observed i n  s u r f a c e  
waters or atmospher ic  moisture. 



DOSE ASSESSMENT 

The only radionucl ide  a sc r ibed  t o  NTS opera t ions  de tec ted  
off-NTS was 1 3 3 X e  a t  Beatty, Diablo, Hiko, Las Vegas, and 
Tonopah, Nevada, where t h e  1 3 3 X e  concent ra t ions  i n  a i r  occurred 
during t h e  months o f  August and September, The h ighes t  whole-body 
dose c a l c u l a t e d  f o r  t h e s e  l o c a t i o n s  w a s  a t  Beatty, Nevada, where 
t h e  dose equiva lent  w a s  es t imated  t o  be 

(7 days) (1,2x10-11 p C i / m l +  1,4xlO-11 u C i / m l )  (500 mrem/year) = 2.5 prem 
(1 0-7 pCi /ml)  (365 days/year) 

which is 0.001 percent  of t h e  Radiation Protec t ion  Standard of 
170 mrem (Appendix B).  The es t imated  doses f o r  a l l  l o c a t i o n s  a r e  
shown i n  Table 8 with t h e  es t imated  dose commitment (product of 
est imated average dose equiva lent  and population).  

TABLE 8. ESTIMATED DOSE COMMITMENT FROM 1 3 3 X E  CONCENTRATIONS 

Estimated Dose 
Dose Dose Commitment 

Equivalent Commitment Within 80 km 
Locat ion  Population (prem)  (man-rem) (man-rem) 

Beatty, Nev. 500 
Diablo, Nev. 6 
Hiko, Nev, 60 
h s  Vegas, Nev, 370,500* 
Tonopah, Nev, 2,000 

Tota l  0.36 0.0013 

*Population is  f o r  Las Vegas and nearby communities wi th in  Clark 
County. 

Due t o  t h e  g r e a t e r  populat ion dens i ty  wi th in  t h e  Las Vegas area,  
t h e  h ighes t  dose commitment (0.36 man-rem) w a s  f o r  t h i s  a rea ,  
which is approximately 100 km from t h e  NTS, This dose commitment 
is  smal l  compared t o  t h e  26,000 man-rem, which r e s i d e n t s  of Las 
Vegas and nearby communities r ece ived  from n a t u r a l  background 
r a d i a t i o n  dur ing  this r e p o r t i n g  period, 
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Figure 2. Nevada Test Site Road and ~acility Map 
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Figure 3. Groundwater Flow Systems - Nevada Test Site 



F i g u r e  4 .  Genera l  Land U s e ,  Nevada T e s t  S i t e  V i c i n i t y  
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S A N  B E R N A R O I N O  

Figure 5. Location and Number of Family Milk Cows and Goats 
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Figure 6. Location and Number of Dairy Cows 
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Figure 7. Distribution of Beef Cattle by County 
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Figure 8. Distribution of Sheep by County 
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F i g u r e  9 .  P o p u l a t i o n  o f  A r l z o n a ,  California, Nevada ,  a n d  
Utah C o u n t i e s  Near  the Yevada T e s t  S i t e  
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Figure 1 0 .  Air Surveillance Network - Nevada 
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A STAND-BY STATION WITH TELEPHONE 

Figure 11. Air Surveillance Network - Outside Nevada 
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Figure 12. Noble Gas and Tritium Surveillance Network 
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Figure 13. Dosimetry Network 
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I MILK SAMPLING LOCATIONS 

SCALE I N  MILES 

NOTE: WHEN SAMPLING LOCATION OCCURRED I N  CITY OR TOWN: 
THE SAMPLING LOCATION SYMBOL WAS USED FOR SHOWING 
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F i g u r e  14. Milk Surveillance N e t w o r k  



Figure 15. On-Site Long-Term Hydrological Monitoring 
Program, Nevada Test Site 
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Figure 16. Off-Site Long-Term ~ydrological Monitoring 
Program, Nevada Test Site 
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Figure 17. Long-Term Hydrological Monitoring Program, 
Carlsbad, New Mexico, Project Gnome/Coach 
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Figure 18. Long-Term Hydrological Monitoring Program, 
Fallon, Nevada, Project Shoal 



Figure 19. Long-Term Hydrological Monitoring Program, 
Project Dribble/Miracle Play (vicinity of Tatum 
Salt Dome, Mississippi) 
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Figure 20. Long-Term Hydrological ~onitoring Program, 
Project Dribble/Miracle Play (Tatum Salt Dome, 
~ississippi) 
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Figure 21. Long-Term Hydrological Monitoring Program, 
Rio Arriba County, New Mexico, Project Gasbuggy 



F igu re  22. Long-Term Hydrological  ~ o n i t o r i n g  Program,  
Rulison, Colorado, P r o j e c t  Ru l i son  
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Figure 23. Long-Term Hydrological Monitoring Program, 
Central Nevada Test Area, Faultless Event 
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Figure 24. Long-Term Hydrological Monitoring Program, 
Project Rio Blanco, Rio Blanco County, Colorado 
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,Figure 25. Long-Term Hydrological Monitoring Program, 
Project Cannikin, Amchitka Island, Alaska 



Figure 26. Long-Term ~ydrological Monitoring Program, 
Project Milrow, Amchitka Island, Alaska 



Figure 27. Long-Term Hydrological Monitoring Program, 
'project Long Shot, Amchitka Island, Alaska 
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Figure 28. Long-Term Hydrological Monitoring Program 
Background Sampling, Amchitka Island, Alaska 





Table A-1, Underground T e s t i n g  Conducted O f f  the Nevada T e s t  S i t e  

Name of  Tes t ,  Depth 
Opera t ion  o r  Yieldc m Purpose  of  

P r o i e c t  Date Loca t ion  ( k t )  ( f t )  t h e  Eventc* 5 )  

P r o j e c t  Gnome/ 
Coachc 1 )  

12/10/61 48 km (30 m i )  SE of  3. lc6)  360 Mult i -purpose 
Car l sbad ,  N. Mex. (1184) experiment .  

P r o j e c t  Shoalcz ) 10/26/63 45  km (28 mi) SE of 12 366 Nuclear  test 
F a l l o n ,  Nev. (1200) d e t e c t i o n  re- 

s e a r c h  e x p e r i -  
ment. 

P r o j e c t  D r i b b l e c z )  10/22/64 34 km (21 mi) SW of  5.3 823 Nuclear  t e s t  
(Salmon Event) H a t t i e s b u r g ,  M i s s .  (2700) d e t e c t i o n  re- 

s e a r c h  e x p e r i -  
ment. 

O p e r a t i o n  Long 10/29/65 Amchitka I s l a n d ,  8 0 716 DOD n u c l e a r  
Shot (  2 ) Alaska (2350) test d e t e c t i o n  

experiment .  

P r o j e c t  D r i b b l e c z )  12/03/66 34 km (21 mi) SW of  0.38 823 Nuclear  test 
( S t e r l i n g  Event)  H a t t i e s b u r g ,  M i s s .  (2700) d e t e c t i o n  re- 

s e a r c h  e x p e r i -  
ment. 

P r o j e c t  Gasbuggycl) 12/10/67 88 km (55 mi) E o f  29 1292 J o i n t  Government- 
Farmington, N. Mex. (4240) I n d u s t r y  g a s  

s t i m u l a t i o n  ex- 
periment .  

F a u l t l e s s  E v e n t e l )  01/19/68 C e n t r a l  Nevada T e s t  
Area 96 km (60 mi) E 
of Tonopa h, N e  v. 

P r o j e c t  M i r a c l e  02/02/69 34 km (21 mi) SW of  
P l a y  (Diode Tube) 2 ) H a t t i e s b u r g ,  M i s s .  

P r o j e c t  Rulisonc 8 1  09/10/69 19 km (12 mi) S W  o f  
R i f l e .  Colo. 

Opera t ion  Milrowc 3)  10/02/69 Amchitka I s l a n d ,  
Alaska 

200- 914 C a l i b r a t i o n  
1000 (3000) t e s t .  

Non- 823 Detonated i n  
n u c l e a r  (2700) Sa lmon/Ste r l ing  
e x p l o s i o n  c a v i t y .  S e i s m i c  

s t u d i e s .  

4 0 2568 Gas s t i m u l a t i o n  
(8425) experiment .  

1000 1219 C a l i b r a t i o n  test. 
(4000) 

P r o j e c t  M i r a c l e  04/19/70 34 km (21 mi) SW o f  Non- 823 
P l a y  (Humid H a t t i e s b u r g ,  M i s s .  n u c l e a r  (2700) 
Water) ( 2 )  e x p l o s i o n  

O p e r a t i o n  11/06/71 Amchitka I s l a n d ,  15000 1829 
Cannikinc 3 )  Alaska (6000) 

P r o j e c t  Rio 
Blancoc 1 )  

05/17/73 48 km (30 m i )  SW o f  3x30 1780 
Meeker, Colo. t o  

2040 
(5840 

t 0 

6690) 

Detona ted  i n  
Sa lmon/Ste r l ing  
c a v i t y .  S e i s m i c  
s t u d i e s .  

T e s t  o f  war- 
head f o r  
S p a r t a n  
m i s s i l e .  

Gas s t i m u l a -  
t i o n  e x p e r i -  
ment. 



Table A- 1. (continued) 

( 1 )  Plowshare Events 

c2)Vela Uniform Events 

< 3 3 Weapons Tes t s  

c*)Informat ion  from "Revised Nuclear Tes t  S t a t i s t i c s . "  dated September 20. 1974, and 
"Announced United S t a t e s  Nuclear Tes t  S t a t i s t i c s , * *  da ted  June 30. 1976. d i s t r i b u t e d  by 
David G. Jackson,  Director.  Of f i ce  of Pub l i c  Af fa i r s .  Energy Research E 
Adminis t ra t ion ,  Nevada Operations Office.  Las Vegas. Nevada. 

cs3News release AL-62-50, AEC Albuquerque Opera t ions  Office.  Albuquerque, New Mexico. 
December 1, 196 1 . 

< 6 ~ ~ ~ T h e  E f f e c t s  of Nuclear  weapon^.^ Rev. Ed. 1964. 



T a b l e  A-2. Summary of A n a l y t i c a l  Procedures 

Counting Sample Approximate 
Type o f  A n a l y t i c a l  Per iod  A n a l y t i c a l  S i z e  Detec t ion  
Analys i s  E q u i m e n t  (Min) Procedures ( L i t e r )  - L i m i t t z )  

Gamma Gamma s p e c t r o -  
Spectroscopy" ) meter wi th  

1 0 - c w t h i c k  
by 10-cm-di- 
ameter NaI 
(TI -ac t iva ted)  
c r y s t a l  c a l i -  
b ra ted  a t  10 
kev per  
channe l  (0-2 
MeV range) .  

100 min f o r  
milk, wate r ,  
Long-Term 
Hydro. sus-  
pended s o l -  
i d s ;  10 min. 
f o r  a i r  
c h a r c o a l  
c a r t r i d g e s  
and a i r  
f i l t e r s .  

Low-background 5 0  
thin-window, 
gas- flow pro- 
p o r t  i o n a l  
c o u n t e r  wi th  a  
5.7-cm d iameter  
window (80 pg/ 
cm2) . 

Automatic 200 . Sample pre- 0.005 
l i q u i d  pared by 
s c i n t i l l a t i o n  d i s t i l l a t i o n .  
c o u n t e r  with 
o u t p u t  p r i n t e r .  

Radionuc l ide  
concent  ra-  
t i o n s  quan- 
t i t a t e d  from 
gamma spec-  
t r o m e t e r  
d a t a  by com- 
p u t e r  u s i n g  
a  l e a s t  
s q u a r e s  
t e c h n i q u e  

3.5 f o r  
r o u t i n e  milk 
and water  
samples ; 
800-1200 m 3  

f o r  a i r  f i l -  
ter samples; 
7.3 l i t e r  
f o r  Long- 
Term Hydro. 
water  sus-  
pended 
s o l i d s .  

3H Enrichment Automatic 
(Long-Term s c i n t i l l a t i o n  
Hydro log ica l  c o u n t e r  with 
Samples) ( 3, o u t p u t  p r i n t e r .  

Chemical 1.0 
s e p a r a t i o n  by 
i o n  exchange. 
Separa ted  sam- 
p l e  counted 
s u c c e s s i v e l y ;  
a c t i v i t y  c a l -  
c u l a t e d  by 
s imul taneous  
e q u a t i o n s .  

Alpha s p e c t r o -  1000 - 
meter  w i t h  450 1400 
mmz. 300-pm 
d e p l e t i o n  depth. 
s i l i c o n  s u r f a c e  
b a r r i e r  d e t e c t o r s  
o p e r a t e d  i n  
vacuum chambers. , 

S i n g l e  channe l  30 
a n a l y z e r  
coupled t o  
P.M. t u b e  
d e t e c t o r .  

Sample concen- 0.25 
t r a t e d  by 
e l e c t r o l y s i s  
fol lowed by 
d i s t i l l a t i o n .  

Sample i s  1  
d i g e s t e d  w i t h  
a c i d ,  s e p a r a t e d  
by i o n  exchange, 
e l e c t r o p l a t e d  
on s t a i n l e s s  
s t e e l  p l a n c h e t  
and counted by 
a l p h a  s p e c t r o -  
meter.  

h - e c i p i t a t e d  1.5 
wi th  Ba, con- 
v e r t e d  t o  
c h l o r i d e .  
S t o r e d  f o r  
30 days f o r  
222Rn 22bRa t o  
e q u i l i b r a t e .  
Radon g a s  
pumped i n t o  
s c i n t i l l a t i o n  
cell  f o r  a lpha  
s c i n t i l l a t i o n  
counting.  

For r o u t i n e  milk 
and wate r  gen- 
e r a l l y ,  5x10-9 
pCi/ml f o r  most 
common f a l l o u t  
r a d i o n u c l i d e s  i n  
a  s imple  spec-  
trum. For a i r  
f i l t e r s ,  
2x1 0-1 pCi/ml. 
For Long-Term 
Hydro. sus-  
pended s o l i d s ,  
3 .0~10-9 pCi/ml. 



Table A-2. (continued) 

Counting Sample Approximate 
TYPe o f  A n a l y t i c a l  Per iod  A n a l y t i c a l  S i z e  Detec t ion  
Ana lys i s  E q u i m e n t  (Min) Procedures  ( L i t e r )  -- Limi t<  2 ,  

Gross a l p h a  Low- background 50 
Gross  b e t a  thin-window, 
i n  l i q u i d  gas- flow pro- 
samplest  3 )  p o r t  i o n a l  

counte r  wi th  a 
5.7-an-diameter 
window (80 pg/ 
cm2)  . 

Gross b e t a  Low-level end 
on a i r  window, gas  
f i l t e r s <  8 )  f low propor- 

t i o n a l  counte r  
w i t h  a 12.7- 
cm-diameter 
window (100 
mg/cmz) . 

Automatic 200 
l i q u i d  s c i n t i l -  
l a t i o n  counte r  
w i t h  o u t p u t  
p r i n t e r .  

Sample eva- 0.2 
por  a t  ed : 
r e s i d u e  
weighed and 
counted ; 
c o r r e c t e d  f o r  
s e l f - a t t e n u -  
a t i o n .  

F i l t e r s  10-cm 2x 10-1 5 pCi/ml 
counted a t  7 d iamete r  
and 14 days g l a s s  f i b e r  
a f t e r  c o l -  f i1ter :sam- 
l e c t i o n :  two p l e  c o l l e c t e d  
c o u n t s  can from 800- 
be  used t o  1200m3. 
e x t r a p o l a t e  
c o n c e n t r a t i o n  
t o  mid-col- 
l e c t i o n  t i m e  
assuming T- 1 . 2  

decay o r  u s i n g  
e x p e r i m e n t a l l y  
d e r i v e d  decay. 

P h y s i c a l  UOO-  O s K r  = 2x10-12 
s e p a r a t i o n  by 1000 pCi/ml 
g a s  chroma- 
tography:  d i s -  X e  = 2x10-12 
s o l v e d  i n  pCi/ml 
t o l u e n e  "cock- 
t a i l "  f o r  count- CH,T = 2x10-12 
ing. pCi/ml 

( 1  ,Lem, P. N., and S n e l l i n g ,  R. N. **Southwestern Radio log ica l  Heal th  Laboratory Data 
Ana lys i s  and Procedures  Manual,'* SWRHL-21. Southwestern R a d i o l o g i c a l  Hea l th  Laboratory.  
U.S. Environmental P r o t e c t i o n  Agency, Las Vegas, NV. March 1971 

<z)The  d e t e c t i o n  l i m i t  f o r  a l l  samples  i s  defiAed ?s t h a t  r a d i o a c t i v i t y  which e q u a l s  
t h e  2-sigma c o u n t i n g  e r r o r .  

c3)Johns, F. B. "Handbook of Radiochemical A n a l y t i c a l  Methods." EPA 680/U-75-001. 
U.S. Environmental P r o t e c t i o n  Agency, NERC-LV. Las Vegas, NV. February 1975. 



Table A-3. 1977 Summary o f  Analytical Results 
for  t h e  Noble Gas and Tritium Surveillance Network 

No. Radioactivity Concentrations 76 of 
Sampling Days Radio- C C C Conc. 
Location Sampled nuclide Units Max Min Avq Guide* 

Death 335.7 EsKr 10-izpCi/ml air 25 14 2 0 0.02 
Valley 349.6 Total Xe lO-1zpCi/ml air 15 < 4 < 6 (0.01 
Jct. , 315.5 3H as HTO 10'6pCi/ml H20 0.6 < 0.3 < 0.4 - 
Calif. 342.7 3H as CH3T 10-12pCi/ml air 10 < 2 < 3 

315.5 3H as HTO 10-12pCi/ml air < 5 0.5 < 2  <0.01 
308.5 3H as HT iO-1zpCi/ml air 2.3 < 0.2 < 0.7 ( 

Beatty , 
Nev. 

Diablo, 
Nev. 

Hiko, 
Nev. 

Indian 
Springs, 
Nev. 

8s Kr 10-lZpCi/ml air 26 
133Xe 10-12pCi/rnl air 14 
3H as HTO 10-bpCi/ml H20 0.6 
3H as CH3T 10-12pCi/ml air 12 
3H as HTO 10-lzpCi/ml air < 4 
3H as HT 10-lzpCi/ml air 1.2 

85Kr 10-lzp~i/ml' air 29 
133Xe 10-12pCi/ml air 12 
3H as HTO 10-bpCi/ml H20 0.8 
3H as CH3T 10-lzpCi/ml air 5 
3H as HTO 10-lzpCi/ml air < 5 
3H as HT 10-12pCi/rnl air 1.9 

8sKr 10-izpCi/ml air 23 
133Xe lO-lzpCi/rnl air 1 1  
3H as HTO 10-epCi/ml H20 0.4 
3H as CH3T 10-lzpCi/ml air < 2 
3H as HTO 10-lzpCi/ml ai4 < 5 
3H as HT lO-l2pCi/ml air 26 

8s Kr 10-lZpCi/ml air 30 
Total Xe 10-1zpCi/ml air < 6 
3H as HTO 10-epCi/ml H20 0.8 
3H as CH,T 10-izpCi/ml air 14 
3H as HTO 10-lzpCi/ml air 3.6 
3H as H!T 10-12pCi/ml air 3.2 



Table A-3. (continued) 

No. Radioactivity Concentrations % of 
Sampling Days Radio- C C C Conc. 
Locat ion Sampled nuclide Units Max Min Avq Guide* 

LaS Vegas, 345.2 asKr 10-12pCi/ml air 23 15 2 0 0.02 
Nev. 352.2 133Xe 10-12pCi/ml air 10 < 4 < 5 <0.01 

303.1 JH as HTO 10-epCi/ml H,O 0.7 < 0.3 < 0.4 - 
352.2 3H as CHJT 10-12pCi/ml air < 6 < 2 < 3 
303.1 JH as HTO 10-lZpCi/rnl air 4.5 < 0.3 < 2 C0.01 
303.1 JH as HT 10-12pCi/ml air 2.2 < 0.3 < 0.7 ( 

NTS, Nev. 345.6 asKr 10-12pCi/ml air 24 13 2 0 <O. 01 
Mercury 358.5 13JXe 10-lzpCi/mlair 7.1 < 2  < 5 (0.01 

323.6 3H as HTO 10-6pCi/ml H,O 4.4 (0.3 (0.5 - 
358.6 JH as CH3T 10-12pCi/ml air 9 < 2 < 3 
323.6 3H as HTO 10-lzpCi/ml air 7.6 < 0.3 < 2 <O.Ol 
323.6 JH as HT 10-lzpCi/ml air 4.5 < 0.3 < 0.8 ( 

NTS, Nev. 343.4 8sKr 10-12pCi/ml air 28 14 19 <O. 01 
Area 511 364.5 Total Xe 10-lzpCi/rnl air < 6 < 2 < 5 <0.01 

323.7 3H as HTO 10-*pCi/ml H20 10 (0.3 <0.6 - 
344.5 JH as CH3T 10-lzpCi/ml air 7 < 2 
323.7 3H as HTO 10-12pCi/ml air 45 <0.4 < < 3  <0.01 
316.7 3H as HT 10-lzpCi/ml air 6.5 0.2 <0.7 

NTS, Nev. 306.4 esXr 10-12pCi/rnl air 35 13 21 ' <0.01 
BJY 336.6 133Xe 10-l=pCi/ml air 100 < 2 < 7 (0.0 1 

323.2 3H as HTO 10-*pCi/ml H20 7.1 < 0.3 < 2 - 
330.5 JH as CH3T 10-azpCi/ml air 6 < 2 
323.2 JH as HTO 10-12pCi/ml air 35 < 2 1 1 <O.Ol 
317.3 3H as HT 10-12pCi/ml air 7.7 < 0.5 < 2 

NTS, Nev. 337.7 asKr 10-12pCi/rnl air 25 12 19 <0.01 
Area 12 351.6 l33Xe 10-12pCi/ml air 18 < 4 < 5 <0.01 

343.7 JH as HTO 10-epCi/ml H,O 14 < 0.3 < 2 - 
351.6 JH as CHJT 10-1zpCi/ml air 6 < 2 
343.7 3H as HTO 10-12pCi/ml air 50 < 2 1 cO.01 
350.7 JH as HT 10-12pCi/ml air 12 (0.2 < 2  



Table A-3. (continued) 

No. R a d i o a c t i v i t y  Concen t ra t ions  % of 
Sampling Days Radio- C C C conc. 
Locat  i o n  Sampled n u c l i d e  Uni ts  Max Min Avq Guide* 

Tonopah, 357.8 asKr 10'12pCi/ml a i r  23 14 19 0.02 
Nev. 364.5 1 3 J X e  10-12pCi/ml a i r  15 < 4 < 5 <0.01 

336.7 J H  as HTO 10-spCi/ml H,O 0.5 ( 0 . 3  ( 0 . 4  - 
356.6 JH a s  CH3T 10-lzpCi/ml a i r  < 7 < 2 < 3 
336.7 3H as HTO lO-lzpCi/ml a i r  < 5 < 0.7 < 2 ' <0.01 
329.7 J H  a s  RT 10-12pci/ml a i r  1.8 < 0.4 < 0.8 f 

* Concen t ra t ion  ~ u i d e s  used f o r  NTS s t a t i o n s  a r e  t h o s e  a p p l i c a b l e  t o  expo- 
sures t o  r a d i a t i o n  workers. Those used f o r  off-NTS s t a t i o n s  a r e  f o r  
exposure  t o  a s u i t a b l e  sample o f  t h e  p o p u l a t i o n  i n  an  u n c o n t r o l l e d  area .  
See Appendix B f o r  c o n c e n t r a t i o n  Guides. 

t Also  known as Groom Lake. 



Table  A-4. 1977 Summary o f  Rad i a t i on  Doses f o r  t h e  Dosimetry Network 

Annual 
Adjus ted  

Dose Dose 
Equiva len t  R a t e  Equiv- 

S t a t i o n  Measurement (mremld) a l e n t  
Loca t ion  Pe r iod  Max. Min. Avq. (mrem/v) 

Adaven, Nev. 1/10/77 - 1/10/78 0.40 0.38 0.39 140 

Alamo, Nev. 1/04/77 - 1/09/78 0.33 0.25 0.28 100 

Area 51-NTS, Nev. 1/10/77 - 1/09/78 0.21 0.18 0.19 72 

Aust in ,  Nev. 

Baker, C a l i f .  

Barstow, C a l i f ,  

Bea t t y ,  Nev. 

Bishop, C a l i f .  

B lue  Eagle  Ranch, Nev. 

B lue  Jay,  Nev. 

Cac tu s  Spr ings ,  Nev. 

C a l i e n t e ,  N e v .  

Carp, Nev. 

Casey ' s  Ranch, Nev, 

Cedar  Ci ty ,  Utah 1/11/77 - 2/01/78 0.25 0.21 0.22 8 7 

C l a r k  S t a t i o n ,  Nev. 1/13/77 - 1/10/78 0.33 0.30 0.32 120 

Complex I, Nev. 1/10/77 - 1/10/78 0.32 0.29 0.30 110 

Coyote Summit, Nev. 1/10/77 - 1/09/78 0.34 0.31 0.33 120 

Cur r an t ,  Nev. 

Death Val ley  Jct., Ca l i f .  1/13/77 - 1/12/78 0.23 0.20 0.21 79 

D e s e r t  Game Range, Nev. 1/03/77 - 1/16/78 0.21 0.16 0.17 64 

D e s e r t  Oasis, Nev. 1/10/77 - 1/31/78 0.21 0.18 0.18 72 



Table A-4. (continued) 

Dose 
Equivalent  R a t e  

S t a t i o n  Measurement (mrem/d) 
Location Per iod Max. Min. Avq. 

Diablo Maint. Sta., N e v .  1/10/77 - 1/12/78 0.36 0.34 0.35 

Duckwater, Nev .  1/12/77 - 1/11/78 0.32 0.29 0.30 

Elgin,  N e v .  1/05/77 - 1/10/78 0.36 0.33 0.35 

Ely, Nev.  1/13/77 - 1/11/78 0.29 0.21 0.23 

En te rp r i se ,  Utah 

Eureka, Hev. 

Furnace Creek, Ca l i f .  

Garr ison,  Utah 

Geyser Maint. Sta., N e v ,  

Goldf ie ld ,  N e v .  

Hancock Summit, Nev.  

Hiko, Nev. 

H o t  Creek Ranch, N e v .  

Independence, Ca l i f .  

Ind ian  Springs,  Nev. 

Kirkeby Ranch, Nev. 

Koynes, Nev. 

Las Vegas (Airport )  , Nev. 

Las Vegas (Placak) , Nev. 

Las Vegas (USDI) , N e v .  

Lathrop W e l l s ,  Nev. 

Lida, Nev. 

Annual 
Adjusted 

Dose 
Equiv- 
a l e n t  

(xnr ern/y) 



T a b l e  A-4. ( con t inued)  

Annual 
A d j u s t e d  

Dose D o s e  
E q u i v a l e n t  R a t e  Equiv- 

S t a t i o n  Measurement (mre m/ d) a l e n t  
L o c a t i o n  P e r i o d  Max. Min. Avq. ( m r e m / y )  

Lone Pine ,  C a l i f .  1/11/77 - 1/10/78 0.31 0.25 0.27 99 

Lund, Nev. 1/10/77 - 1/10/78 0.29 0.21 0.24 87 

Mammoth Mtn., C a l i f .  1/12/77 - 1/11/78 0.39 '0.28 0.31 110 

Manhattan,  Nev. 1/11/77 - 1/10/78 0.36 0.33 0.35 130 

Mesqui te ,  Nev. 1/10/77 - 1/31/78 0.20 0.18 0.18 7 1  

Nevada Farms, Nev. 1/10/77 - 1/12/78 0.35 0.30 0.33 120 

N u c l e a r  Eng. Co., Nev. 1/05/77 - 1/31/78 0.40 0.32 0.35 140 

Nyala,  Nev .  1/10/77 - 1/11/78 0.27 0.20 0.24 87 

Olancha, C a l i f .  1/11/77 - 1/10/78 0.26 0. 24 0.25 91 

Pahrump, Nev. 1/06/77 - 1/17/78 0.21 0.18 0.18 70 

P i n e  Creek  Ranch, N e v .  1/10/77 - 1/10/78 0.37 0.33 0.36 130 

P ioche ,  Nev. 1/05/77 - 1/11/78 0.28 0.22 0.24 88 

Queen  C i t y  Summit, Nev. 1/10/77 - 1/09/78 0.44 0.33 0.39 140 

Reed Ranch, Nev. 1/10/77 - 1/09/78 0.34 0.31 0.32 120 

R i d g e c r e s t ,  C a l i f .  1/11/77 - 1/10/78 0.26 0. 22 0.24 84 

Robinson ' s  Tr.  Park, Nev. 1/10/77 - 1/12/78 0.36 0.32 0.34 130 

Round Mountain, Nev .  1/11/77 - 1/10/78 0.34 0.30 0.32 120 

S c o t t y * ~  J u n c t i o n ,  Nev. 1/10/77 - 1/09/78 0.35 0.29 0.31 110 

S e l b a c h  Ranch, Nev.  1/05/77 - 1/31/78 0.32 0.28 0.30 120 

S h e r r i 4 , s  Bar, Nev. 1/04/77 - 1/09/78 0.23 0.21 0.22 81 

Shoshone, C a l i f .  1/13/77 - 1/12/78 0.33 0.27 0.30 110 



Table  A-4. (cont inued)  

Annual 
Adjus ted  

Dose Dose 
Equiva len t  R a t e  Equiv- 

S t a t i o n  Measurement (mrem/d) a l e n t  
Loca t ion  P e r i o d  Max. Min. Avq. (mrem/y) 

Spr ingda le ,  Nev.  1/04/77 - 2/01/78 0-35 0.31 0.32 130 

S p r i n g  Meadows, Nev. 1/04/77 - 1/17/78 0-18 0.17 0.17 69 

S t .  George, Utah 1/12/77 - 2/02/78 0.22 0.18 0.20 76 

S tone  Cabin Ranch, Nev. 1/13/77 - 1/11/78 0.50 0.45 0.47 170 

Sunnyside, Nev. 1/10/77 - 1/10/78 0.23 0.18 0.20 72 

Tempiute, Nev. 1/10/77 - 1/12/78 0-31 0.27 0.30 110 

Tenneco, Nev. 1/04/77 - 1/17/78 0.30 0.29 0.29 110 

Tonopa h, Nev.  1/10/77 - 1/09/78 0.31 0.29 0.30 110 

Tonopah T e s t  Range, Nev. 1/11/77 - 1/10/78 0.28 0.26 0.27 100 

Twin Sp r ings  Ranch, Nev. 1/10/77 - 1/12/78 0.32 0.29 0.30 110 

W a r m  Spr ings ,  Nev. 1/13/77 - 1/11/78 0.32 0.30 0.31 120 

Young* s Ranch, Nev. 1/11/77 - 1/10/78 0.27 0.25 0.26 95 



Table A-5, 1977 Summary o f  Analyt ical  Resul t s  f o r  t h e  
Milk Surve i l l ance  Network 

Radioac t iv i ty  Conc. 
( 10-9 pCi/ml) 

Sampling Sample No,  of  Radio- C C C 
Locat ion  Type< 1, Samples nuc l ide  Max Min Avq 

Hinkley, Ca l i f .  12 4 1 3 7 C s  <8 <4 <5 
B i l l  Nelson Dairy 

4 8 9Sr <2 (0-6 < 2  

Keough H o t  Spgs., 13 4 1 3 7 C s  7 .6  <4 <6 
C a l i f ,  
Yribarren Ranch 4 89Sr 4 <1 <3 

Trona, C a l i f ,  13 3 l 3 7 C s  <7 <4 < 5  
Stanford Ranch 

3 89Sr <2 <2 <2  

A l a m o ,  N e v ,  14 1 1 3 7 C s  <6 - <6 <6 
A, J, SharpC2) 

1 89Sr <3 . <3 <3 

Austin, N e v ,  13 4 1 3 7 C s  (12 <4 <6 
Young' s Ranch 

4 89Sr 4.1 < 1 < 3  

Cal ien te ,  N e v ,  13 4 1 3 7 C s  <6 <4 <5 
June Cox Ranch 

4 89Sr <3 <0.6 <2 



Table A-5. (continued) 

Radioact iv i ty  Conc. 
(10-9 pCi /ml)  

Sampling Sample No. of Radio- C C C 
Locat ion Type< 1) Samples nucl ide  Max Min Avq 

Currant, Nev.  13 4 l 3 7 C s  6 <4 < 5  
Blue Eagle Ranch 

4 89Sr <2.6 (0, 9 <2 

Currant, Nev, 13 2 1 3 7 C s  <5 <4 < 4  
Manzonie Ranch 

2 89Sr < I  <1 < 1 

Hiko, Nev. 13 4 1 3 7 C s  <6 <4 <5 
Darrel  Hansen 
Ranch 4 89Sr <3 <2 <2 - 

Las Vegas, Nev, 12 4 l 3 7 C s  <6 <4 < 5  
LDS Dairy Farm 

4 89Sr <2 (0.9 <2 

4 9oSr 2.3 (0.7 <2 

4 3 H (400 (300 (30 0 

Lathrop Wells, 13 4 137Cs  <5 <4 <5 
N e v ,  
Kirker Ranch 4 89Sr <3 <2 <3 

Lida, Nev. 13 4 l 3 7 C s  <5 <3 < 4  
Lida Livestock Co- 

4 89Sr <3 <0,7 <2 



Table A-5, (continued) 

Radioactivity Conc, 
( 10-9 p C i / m l )  

Sampling Sample No, of Radio- C C C 
Locat ion  Type< 1 Samples nucl ide Max Min Avq 

Logandale, Nev, 12 4 1 3 7 C s  <6 <4 < 5  
Vegas Valley Dairy 

4 89Sr <3 <1 <2  

Lund, Nev. 12 
McKenzie Dairy 

Mesquite, Nev, 12 
Hughes Bros, Dairy 

Moapa, Nev, 12 
Agman Seventy-Five, 
Inc,  

Nyala, Nev, 1 3  
Sharp1 s Ranch 



Table A-5, (continued) 

Radioact iv i ty  Conc. 
(10-9 pCi /ml )  

Sampling Sample No. of Radio- C C C 
Location Type< 1, Samples nuclide Max Min A v q  

Pahrump, Nev. 13 3 137Cs <4 <4 < 4  
Burson Ranch< 3 3 

3 89Sr <2 (0.6 <2 

Pahrump, Nev, 13 1 137 <6 <6 <6 
Oxborrow Ranch 

1 89Sr <2 <2 <2 

Round Mountain, 13 2 1 3 7 C s  (13 <5 <9 
Nev, 
Berg Ranch 2 89Sr <2 <2 <2 

Shoshone, Nev, 13 4 l 3 7 C s  <6 <4 <5 
Kirkeby Ranch 

4 89Sr <3 <1 <2 

Springdale,  Nev, 13 4 1 37Cs <6 <4 < 5  
Boil ing Pot Ranch 

4 89Sr <2 < I  <2 

Cedar City,  Utah 1 2  4 137Cs ( 5  <4 < 4  
Western General Dairy 

4 89Sr (3 ( 0 . 7  < 3  



Table A-5, (cont  h u e d )  

Radioact iv i ty  Conc, 
(10-9 p C i / m l )  

Sampling Sample N o ,  of  Radio- C C C 
Locat ion  Type< 1) Samples nucl ide  Max Min Avq 

St. George, Utah 12 4 137Cs  <6 <4 < 5  
R, Cox Dairy 

4 a 9Sr <2 <O. 9 < 2  

12 = Raw Milk from Grade A Producer(s) 
13 = Raw Milk from family cow(s) 
14 = Other than  Grade A Producer (Raw) 

< 2 ) A ,  J. Sharp replaced A l a m o  Dairy, 
<J,Burson Ranch replaced  by Oxborrow Ranch, Pahrump, Nev, 



Table A-6, Analyt ica l  C r i t e r i a  f o r  Long-Term Hydrological 
Monitoring Program Samples 

Gross alpha A l l  samples 

Gross b e t a  A l l  samples 

Gamma scan  A l l  samples 

3 ~ <  1 > A l l  samples 

891  9OSr Only samples c o l l e c t e d  a t  l o c a t i o n s  f o r  t h e  f i r s t  
t i m e  during CY77. 

226Ra Only samples c o l l e c t e d  a t  l o c a t i o n s  f o r  t h e  f i r s t  
t i m e  dur ing  CY77 i f  g ross  alpha exceeded 3x10-9 
pCi /ml  . 
Only samples c o l l e c t e d '  a t  l o c a t i o n s  f o r  t h e  f i r s t  
t i m e  dur ing  CY77, 

2 3 8 , 2 3 9 ~ ~  Only samples c o l l e c t e d  a t  l o c a t i o n s  f o r  t h e  f i r s t  
t i m e  dur ing  CY77, 

< 1  > A l l  samples were f i r s t  analyzed by t h e  more r a p i d  conventional 
technique (MDC o f  about 2x10-7 pCi /ml ) ,  Those samples having 
t r i t i u m  concent ra t ions  <MDC were t h e n  analyzed by t h e  enrich- 
ment technique (MDC of about 6x10-9 p C i / m l ) .  



T a b l e  A-7. 1977 S u m m a r y  of A n a l y t i c a l  R e s u l t s  for t h e  NTS M o n t h l y  
L o n g - T e r m  H y d r o l o g i c a l  Monitoring P r o g r a m  

<l,No. No. Type of R a d i o a c t i v i t y  C o n c .  % of 
Sampling Samples Samples Radio- (10-9 y C i / m l )  C o n e .  
Locat ion C o l l e c t e d  A n a l y z e d  ac t iv i ty  Max M i n  A v q  Guide<*> 

NTS 11 11 G r o s s  a < 3  <2 <3 <7 
W e l l  8 11 G r o s s  p <4 <4 <4 < 20 

11 3 H  (10 <7 <9 <0.01 

NTS 11 11 G r o s s  a 9.7 <3 <5 < 20 
W e l l  U3CN-5 11 G r o s s  f3 20 <4 (20 < 40 

11 3 H  23 0 <8 (70 <0.01 

NTS 11 11 G r o s s  a 7.5 <3 <6 < 20 
W e l l  A 11 G r o s s  p 7.5 <4 <5 < 20 

11 3 H  <9 <7 <8 <0.01 

NTS 11 11  G r o s s  a 1 5  <4 <9 < 30 
W e l l  C 11 G r o s s  f3 20 7.0 11 40 

11 3 H  150 33 58 <0.01 

NTS 11 11 G r o s s  a 8.5 3.6 <6 < 20 
W e l l  5c 11 G r o s s  f l  1 5  < 3  <5 < 20 

11 3 H  1 3  <7 <9 <0.01 

NTS 11 
A r m y  W e l l  

No. 1 

N T S  
W e l l  2 

NTS 6 
T e s t  W e l l  B 

NTS 10 
W e l l  J-13 

G r o s s  a 6.1 
Grossp  <4 
3 H  9.5 

Gross a 4.4 
G r o s s  p 5.5 
3 H  < I  0 

Gross a 5.5 
G r o s s  $ 6.3 
3 H  330 

G r o s s  a 8.5 
G r o s s  f3 <4 
3 H  (10 



Table A-7, (continued) 

(1 ,No, N o ,  T y p e o f  Radioact iv i ty  Conc, X of 
Sampling Samples Samples Radio- (10-9 pCi /ml )  Conc. 
Location Col l ec ted  Analyzed a c t i v i t y  Max Min Avq Guide< 2 3  

N T S  5 5 G r o s s  a 4.9 <2 <4 < 20 
W e l l  U19c 5 Gross p 8.1 <4 ( 5  < 20 

5 3 H  48 <7 < 20 <Om0 1 

< 1 )Samples could no t  be c o l l e c t e d  every month due t o  weather 
cond i t ions  o r  i n o p e r a t i v e  pumps, 

<2,Concentration Guides f o r  dr inking  water a t  on-NTS l o c a t i o n s  a r e  t h e  
same as those  f o r  off-NTS loca t ions ,  See Appendix B f o r  Concentra- 
t i o n  Guides. 



Table A-8. 1977 A n a l y t i c a l  R e s u l t s  for t h e  NTS Semi-Annual 
Long-Term H y d r o l o g i c a l  Moni tor ing  Program 

Type of R a d i o a c t i v i t y  X of 
Sampling Depth Sample Radio- Conc- Con c. 
Loca t  ion D a t e  (m) < 1 ) Type< 2 a c t i v i t y  ( lO-9pCi /ml )  Guide 

NTS 1/04 
W e l l  UEl5d 

NTS 6/08 
w e l l  UE15d 

2 3  G r o s s  a 19 6 3  
G r o s s  p (3 (10 
3H 44 < O m  01 

23 Gross a 10 3 3  
G r o s s  j3 14 47 
3H <9 <0,01 

NTS 1/25 57 1 23 Gross a <3 <10 
T e s t  W e l l  D G r o s s  j3 <4 (20 

3H 31 (0.01 

NTS 6/09 57 1 23 Gross a <3 (10 
T e s t  Well D G r o s s  p <4 (20 

3H 17 <0.01 

NTS 1/27 500 23  G r o s s  a <3 (10 
W e l l  UElc G r o s s  p 8.5 28 

3 H <7 <0,01 

NTS 6/09 500 2 3  Gross a 8.6 29  
W e l l  UElc G r o s s  p 9.7 32 

3H <8 < O w  01 

NTS 
Well C-1 

NTS 
W e 1 1  C-1 

NTS 
W e l l  UE5C 

23  G r o s s  a '4- 0 13 
Gross j3 12 40 
3H 22 < O m  01 

2 3  G r o s s  a 6 - 5  22  
G r o s s  j3 11 37 
JH 20 <0.01 

23 G r o s s  a 8- 9 30  
G r o s s  p <4 (20 
3H <9 <0,01 



Table  A- 8, (cont inued)  

Type o f  R a d i o a c t i v i t y  96 of 
Sampling Depth sample Radio- Conc, Con c, 
Locat  i o n  D a t e  (m) < 1 3  Type< 2, a c t i v i t y  (1 WgpCi/ml)  Guide 

NTS 6/13 
W e l l  UE5C 

23  G r o s s  a 5.1 17  
Gross p <4 (20 
3 H  <8 <0,01 

NTS 1/26 507 23 G r o s s  a <3 (10 
W e l l  UE18r G r o s s  p <4 <20 

3 H  8.2 <0.01 

NTS 6/08 507 23 G r o s s  a 3.7 12  
W e l l  UE18r G r o s s  p <4 (20 

3 H  <9 <0,01 

NTS 
W e l l  5B 

N T S  6/13 
W e l l  5B 

NTS 1/24 1006 
T e s t  W e l l  F 

NTS 6/06 1006 
T e s t  W e l l  F 

Ash Meadows, 1/18 
Nev. 
C r y s t a l  Pool  

Ash Meadows, 6/15 
Nev, 
C r y s t a l  Pool 

23 G r o s s  a 4-0  1 3  
G r o s s  p 6.4 2  1  
3 H <9 <0,01 

23 G r o s s  a 5.  5 1 8  
G r o s s  p 8-5  2  8  
3 H <9 <0.01 

23 G r o s s  a 
G r o s s  p 
3 R  

23 G r o s s  a 
G r o s s  p 
3 H  

27 G r o s s  a 
Gross p 
3 H  

27 G r o s s  a 
G r o s s  f3 
3H 



Table A- 8, (continued) 

Type o f  Radioac t iv i ty  % of  
Sampling Depth Sample Radio- Conc, Conc, 
Locat ion Date (m) < 1) Type<2) a c t i v i t y  (1 0 - 9 ~ C i / m l )  Guide 

Ash Meadows, 1/18 
Nev, 
Well 18S/5 1E-7DB 

23 G r o s s  a <4 <20 
Gross J3 4.9 16 
3 H  <8 <0.01 

Ash Meadows, 6/15 
Nev, 
W e l l  18S/51E-7DB 

23 Gross a 5.8 19 
Gross J3 16 53 
3 H (20 (0, 01 

Ash Meadows, 1/18 
Nev, 
W e l l  17S/5OE-14CAC 

23 Gross a <3 (10 
Gross f3 <4 (20 
3 H  <9 <0.01 

Ash Meadows, 6/15 
Nev, 
W e l l  17S/50E- 14CAC 

23 G r o s s  a 
G r o s s  j3 
3 H  

Ash Meadows, 1/18 
Nev, 
Fairbanks 

Spr ings  

27 G r o s s  a 
Gross f3 
3H 

Ash Meadows, 6/15 
N e v ,  
Fairbanks 

Spr ings  

27 Gross a 
Gross j9 
3H 

Bea t t y ,  
Nev, 
C i t y  Supply 

23 Gross a 
Gross f3 
3 H  

23 Gross a 
Gross f3 
JH 

Beatty, 
Nev. 
C i t y  Supply 

Beatty, 1/20 
Nev, 
Nuclear 

Engineering Co, 

23 Gross a 12 40 
Gross fl <3 <10 
3 H  <8 <0,01 



Tab1 e A- 8, (continued) 

Type of  Rad ioac t iv i ty  % of 
Sampling Depth Sample Radio- Conc. Conc, 
Locat ion  Date (m) < 1, T y p e < 2 )  a c t i v i t y  (1  0-gpCi/ml) Guide 

Beatty,  6/14 
Nev. 
Nuclear 

Engineering Co. 

23 G r o s s  a 8.4 28 
G r o s s  j3 7.8 26 
3H <9 < O m  01 

Beat ty ,  6/15 
Nev, 
C o f f e r s  W e l l  

2 3  G r o s s  a 3.7 12  
G r o s s  j3 13 43 
3H <9 <0,01 

I n d i a n  Spr ings ,  1/17 
Nev, 
USAF No, 2 

23 Gross a 7.8 2 6 
G r o s s  j3 <3 (10 
3 H 17 <0.01 

I n d i a n  Spr ings ,  6/14 
Nev, 
USAF No. 2 

23 G r o s s  a 
G r o s s  f l  
JH 

I n d i a n  Spr ings ,  1/ 17 
Nev, 
Sewer Co. Inc ,  

W e l l  No, 1 

23 G r o s s  a 
Gross 0 
3H 

Ind ian  Spr ings ,  6/14 
N e v ,  
Sewer Co, Inc,  

W e l l  No, 1 

23  G r o s s  a 
G r o s s  j3 
3H 

Lathrop W e l l s ,  1/18 
Nev. 
C i t y  Supply 

23 G r o s s  a 
G r o s s  j3 
3H 

Lathrop W e l l s ,  6/14 
Nev, 
C i t y  Supply 

23 G r o s s  a 
G r o s s  f l  
3 H 

Springdale ,  1/20 
Nev, 
Goss Springs  

27 Gross a 
G r o s s  j3 
3H 



Table A- 8, (continued) 

Type of . Radioac t iv i ty  % of 
Sampling Depth Sample Radio- Conc, Conc. 
Locat ion Date (m) < 1 ) Type< 2 ) a c t i v i t y  ( 10-9pCi/ml) Guide 

Springdale,  6/14 
N e v ,  
Goss Springs 

Springdale,  8/11 
N e v ,  
Goss Springs 

Springdale,  2/02 
N e v .  
Road D Windmill 

Springdale,  6/14 
N e v ,  
Road D Windmill 

27 Gross a <4  (20 
Gross p 5 - 2  1 7  
3H <8 <0,01 

23 Gross a 5 - 1  
Gross $ 4-3 
3H <9 

23 G r o s s  a <4 
Gross p 4-4 
3 H  11 

<l)If depth n o t  shown, water  was collected a t  s u r f a c e  

<2)23  - W e l l  
27 - Spring 



Table A-9, 1977 Ana ly t i ca l  Resul t s  f o r  t h e  
NTS Annual Long-Term Hydrological Monitoring Program 

Type of  Radioact iv i ty  % of  
Sampling Sample Radio- Conc, Conc, 
Locat ion  Date Type< 1) a c t i v i t y  (10-9 u C i / m l )  Guide<2) 

Shoshone, Ca l i f ,  6/23 27 Gross a < 5  
Shoshone Spring Gross p 13 

3 H  <7 

Hiko, Nev, 6/21 
Crys ta l  Springs 

Alamo, Nev, 6/2 1 
C i t y  Supply 

W a r m  Springs, Nev, 6/22 
Twin Springs Ranch 

Diablo, Nev, 6/21 
Highway Maint, 
S t a t i o n  

Nyala, Nev, 6/22 
Sharp Ranch 

Adaven, Nev, 6/22 
Adaven Spring 

27 Gross a 6.5 
Gross fl 19 
3 H  (20 

23 Gross a 5.5 
Gross p 20 
3 H  <8 

27 G r o s s  a 4.8 
Gross f l  20 
3 H <7 

23 G r o s s  a <3  
Gross fl 17 
3 H <7 

23 G r o s s  a <3  
Gross p 9.2 
3 H  <1 0 

27 Gross a 5.9 
Gross p <4 
3 H  11 0 

Pahrump, Nev, 6/23 23 G r o s s  a 7-11 
Calvada W e l l  3  Gross f3 <4 

3 H  <9 

Tonopa h, Nev, 6/22 23 Gross a 2, 9 
city- Supply Gross p 17 

3 H  <7 



Table  A-9, (continued) 

Type o f  Rad ioac t iv i ty  % of  
Sampling Sample Radio- Conc- Conc, 
Locat i on  Date Type< 1 ) a c t i v i t y  / 10-9 pCi/ml) Guide'2) 

Clark S t a t i o n ,  6/22 23 Gross a <3  <10 
Nev, G r o s s  p 17 57 
Tonopah T e s t  JH <7 <0,01 

Range W e l l  6 

Las Vegas, Nev. 6/23 23 
Water D i s t r i c t  
W e l l  No. 28 

G r o s s  a 2.7 
Gross f3 <4 
3H <8 

Tempiute, Nev, 6/21 23 Gross a < 3  (10 
Union Carbide W e l l  G r o s s  p 13 4 3  

3H 36 <0,01 

<1)23  - W e l l  
27 - Spring 

'2,See Appendix B f o r  Concentra t ion Guides, 



Table  A-10. 1977 A n a l y t i c a l  R e s u l t s  f o r  t h e  Off-NTS 
Long-Term Hydrological  Monitoring Program 

Type o f  R a d i o a c t i v i t y  % o f  
Sampling Depth Sample Radio- Conc. Con c. 
Locat  i on  D a t e  (m) < 1 ) Type< 2 a c t i v i t y  ( 10-9 u C i / m l )  Guide < 3 ) 

PROJECT GNOME 

Malaga, 4/28 161 23 G r o s s  a (20 - 
N. Mex. Gross p <20 - 
TJSGS W e l l  3 H  <7 <0.01 

No. 1 '39Sr <4 <2 
9oSr 0-84 0.03 

Malaga, 4/28 148 23  
N. Mex. 
ITSGS W e l l  

No. 4 

Malaga, 4/28 144 2 3  
M. Mex. 
USGS W e l l  

No. 8 

Malaga, 4/27 
N- Mex. 
PHs W e l l  No, 6 

Malaga, 4/27 23 
N. Mex. 
PHs W e l l  No. 8 

Malaga, 4/27 
N. Mex. 
PHs W e l l  No, 9 

G r o s s  a 15 
G r o s s  p 18,000 
3 H  830,000 
89Sr <I  10 
9oSr 10,000 

Gross a <8 
Gross fl 23,000 
3 H  750,000 
'39Sr <I 10 
9oSr 12,000 
137Cs  87 

Gross a <3 
G r o s s  p 8.8 
3 H  110 

G r o s s  a <7 
G r o s s  p <5 
3 H  10 

23  G r o s s  a <3 - 
G r o s s  p <4 - 
3 H  <8 <0.01 



Table A- 10. (continued) 

Type o f  Rad ioac t i v i t y  % o f  
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion  D a t e  (m) < 1) TypeC2, a c t i v i t y  (10-9 v C i / m l )  Guide<3) 

Yalaga, 4/27 
N. Mex. 
PHs W e l l  No. 10 

23 G r o s s  a (10 - 
G r o s s  f l  10 - 
3 H <7 <0.01 

Malaga, 4/28 
N. Mex- 
Pecos River 

Pump i n g  S t  a t  i o n  

23 Gross a <5 - 
G r o s s  fl <4 - 
JH <8 <ow 01 

23 G r o s s  a 
G r o s s  p 
JH 

Loving, 4/27 
N. Mex. 
C i t y  W e l l  No. 2 

Car lsbad,  4/ 27 
N. Mex. 
C i t y  W e l l  No. 7 

23 G r o s s  a 
G r o s s  p 
3 H 

PROJECT SHOAL 

Frenchman, 
Nev. 
Frenchman 

S t a t  i o n  

23 Gross a 
G r o s s  f l  
3 H 

23 Gross a 
G r o s s  p 
3 H 

Frenchman, 
Nev, 
W e l l  HS-1 

Frenchman, 3/22 
Nev. 
W e l l  H-3 

23 .Gross a 
G r o s s  p 
JH 

Frenchman, 3/22 
Nev. 
Flowing W e l l  

23 Gross a 
G r o s s  f l  
3 H  



Table  A- 10. (continued) 

Type o f  R a d i o a c t i v i t y  X of  
Sampling Depth Sample Radio- Conc. Conc, 
Locat  i on  D a t e  (m) < 1, Type< 2 )  a c t i v i t y  (10-9 pCi /ml)  Guide< 3 )  

Frenchman, 3/22 
Nev. 
Hunts S t a t i o n  

23 G r o s s  a <4 - 
Gross p <4 - 
3 H <9 (0. 01 

PROJECT DRIBBLE 

B a x t e r v i l l e ,  4/22 
M i s s ,  
C i t y  Supply 

23 G r o s s  a (0.9 - 
G r o s s  p <4 - 
3H 89 <O, 01 

B a x t e r v i l l e ,  4/22 
M i s s .  
Lower L i t t l e  

Creek 

22 Gross a (0.4 - 
G r o s s  p <4 - 
3 H  55 <0,01 

B a x t e r v i l l e ,  4/23 378 
M i s s .  
W e l l  HT- 1  

23 G r o s s  a 
Gross  p 
3 H 

B a x t e r v i l l e ,  4/16 108 
M i s s ,  
W e l l  HT-2c 

23 G r o s s  a 
G r o s s  p 
3 H  

B a x t e r v i l l e ,  4/17 122 
M i s s .  
W e l l  HT-4 

23 Gross a 
G r o s s  p 
JH 

B a x t e r v i l l e ,  4/17 183 
M i s s ,  
W e l l  HT-5 

23 G r o s s  a 
G r o s s  p 
3 H  

B a x t e r v i l l e ,  4/16 282 
M i s s .  
W e l l  E-7 

23 G r o s s  a 
G r o s s  p 
3 H  



Table A- 10 . (continued) 

Type of Radioactivity % of 
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion Date (m) c 1, Typec2) a c t i v i t y  (10-9 jiCi/ml) GuidecJ, 

Baxterville,  4/19 651 23 Gross a <30<S) - 
M i s s .  G r o s s  j3 <20<5) - 
Well Ascot 3H 7.8 <0,01 

No, 2 

Baxtervi l le ,  4/ 20 
M i s s .  
Half Moon 

Creek 

Baxt e r v i l l e ,  4/20 
M i s s .  
Half Moon 

Creek Overflow 

Baxtervi l le ,  4/2 1 
M i s s .  
T. Speights 

Residence 

Baxtervi l le ,  4/19 
M i s s .  
R. L, Anderson 

Residence 

Baxtervi l le ,  4/22 
Miss, 
Mark Lowe 

Residence 

Baxtervi l le ,  4/22 
Y i s s .  
R. Ready 

Residence 

22 Gross a 
Gross f3 
3H 

22 G r o s s  a 
G r o s s  p 
3 H 

23 G r o s s  a 
G r o s s  j3 
3H 

23 G r o s s  a 
Gross fl 
3H 

23 Gross a 
G r o s s  fl 
3H 

23 Gross a 
Gross p 
3 H 



Table A- 10, (continued) 

Type of  Rad ioac t iv i ty  Y of  
Sampling Depth Sample Radio- Conc, Conc. 
Location D a t e  (m) < 1) Type<= ) a c t i v i t y  ( 10-9 uCi /ml )  GuideCJ) 

Bax te rv i l l e ,  4/16 
M i s s ,  
W. Daniels 

Residence 

23 Gross a (0.9 - 
G r o s s  f3 <4 - 
3H 5 4 <0.01 

Lumberton, 4/22 
M i s s ,  
C i t y  Supply 

W e l l  No. 2 

23 Gross a 
G r o s s  p 
3H 

Purvis,  
M i s s ,  
C i ty  Supply 

23 G r o s s  a 
Gross f! 
3 H 

Columbia, 
M i s s ,  
C i t y  Supply 

23 Gross a 
G r o s s  p 
3H 

Lumberton, 4/22 
M i s s ,  
North Lumbert on 

Ci ty  Supply 

23 Gross a 
~ r o s s  fl 
JH 

Bax te rv i l l e ,  4/17 
M i s s ,  
Pond W of G Z  

21 Gross a 
Gross p 
3H 

PROJECT GASBUGGY 

Gobernador, 5/24 
N. Mex, 
Arnold Ranch 

27 Gross a 
Gross f3 
3H 



Table  A- 1 0. (continued) 

Type o f  Rad ioac t iv i t y  $ of  
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion Date (m) C 1 ) Type< 2 3 a c t i v i t y  ( 10-9 pCi /ml )  Guidec3) 

Gobernador, 5/23 
N. Mex. 
Apache Reservat ion 

W e l l  South 

Gobernador, 5/23 
N. Mex. 
Lower Burro 

Canyon 

Gobernador, 5/24 
N, MeX. 
Fred B i x l e r  
Ranch 

Gobernador, 5/23 
N. Mex. 
Cave Spr ings  

Gobernador, 5/23 
N. pex. 
Windmill NO. 2 

Gobernador, 5/ 24 
N, Vex. 
Bubbling Spr ings  

Gobernador, 5/24 
N. Mex. 
La Jara Creek 

23 G r o s s  a <6 - 
G r o s s  $ <4 - 
3H 93 <0.01 

23 G r o s s  a <6 - 
G r o s s  p <5 - 
38 <9 <0.01 

23 Gross a <5 
G r O S S  j3 <4 
JH 11 

27 Gross a 
GrOSS B 
3 H  

23 G r o s s  a 
G r o s s  $ 
JH 

27 Gross a 
Gross p 
JH 

5/22 1097 23 G r o s s  a 7.6 
- 

Gobernador, 
G r o s s  p <5 - 

N, Mex. 
EPNG W e l l  10-36 3 H 17 <O. 01 



T a b l e  A- 10. ( c o n t i n u e d )  

T y p e  of R a d i o a c t i v i t y  % of 
Sampling D e p t h  Sample R a d i o -  C o n c .  C o n  c. 
L o c a t  ion D a t e  (m) C 1) TypeC2) a c t i v i t y  (10-9 u C i / m l )  G u i d e C J )  

PROJECT RULISON 

R u l  i son, 5/ 20 
C o l o .  
L e e  L. H a y w a r d  

R a n c h  

2 3  G r o s s  a 10 
G r o s s  p <4 
3H 440 

2 3  G r o s s  a 
G r o s s  p 
JH 

R u l i s o n ,  5/20 
C o l o .  
G l e n  S c h w a b  

R a n c h  

G r a n d  V a l l e y ,  5/20 
C o l o .  
A l b e r t  G a r d n e r  

R a n c h  

2 3  G r o s s  a 
G r o s s  p 
3 H 

G r a n d  V a l l e y ,  5/19 
C o l o .  
C i t y  Water 

SUPPY 

27 G r o s s  a 
G r o s s  p 
JH 

27  G r o s s  a 
G r o s s  p 
JH 

G r a n d  V a l l e y ,  5/19 
C o l o .  
Sp r ing  300 Yds .  
NW of GZ 

R u l i s o n ,  5/20 
C o l o .  
F e l i x  Sefcovic 

R a n c h  

2 3  G r o s s  a 
G r o s s  p 
3 H 

G r a n d  V a l l e y ,  5/19 
C o l o .  
B a t t l e m e n t  C r e e k  

22  G r o s s  a 
G r o s s  p 
3H 



T a b l e  A- 1 0, ( c o n t i n u e d )  

Type of R a d i o a c t i v i t y  % of 
Sampling D e p t h  Sample R a d i o -  C o n c .  C o n c .  
L o c a t  i on  D a t e  (m) C 1) T y p e C z  3 a c t i v i t y  (10-9 pCi/ml) G u i d e C J )  

G r a n d  V a l l e y ,  5/19 
C o l o .  
CER W e l l  

R u l i s o n ,  5/20 
C O l 0 .  
P o t t e r  R a n c h  

23 G r o s s  a <2 - 
G r o s s  p <4 - 
3H 560 0- 02 

27 G r o s s  a 6.1 - 
G r o s s  p 5-6 - 
3 H 4 60 0, 02 

PROJECT FAULTLESS 

B l u e  Jay, 6/ 15 23 G r o s s  a 3.4 
N e v ,  G r o s s  j3 <4 
H i g h w a y  M a i n t ,  3H <8 

Sta t ion  

B l u e  Jay, 6/15 
Nev. 
Sixmile W e l l  

B l u e  Jay, 3/04 
N e v ,  
J i m  B i a s  W e l l  

23 G r o s s  a <3 
G r o s s  fl <4 
JH <9 

27 G r o s s  a 5.5 
G r o s s  p <4 
3 H  <10 

B l u e  Jay, 3/03 259 23 G r o s s  a <3 
Nev, G r o s s  j3 <4 
Well HTH-1 3H ' <9 

B l u e  Jay, 3/03 184  23 G r o s s  a 14 
N e v ,  G r o s s  j3 <4 
Well HTH-2 3H <9 



Table A- 10, (continued) 

Type of R a d i o a c t i v i t y  Y of 
S a m p l i n g  Depth S a m p l e  R a d i o -  C o n c .  C o n c ,  
L o c a t i o n  D a t e  (m) 1) T y p e c z )  ac t iv i ty  (10-9  p C i / m l )  G u i d e  f a )  

PROJECT RIO ELANCC 

R i o  B l a n c o ,  5/ 17 
C o l o ,  
F a w n  Creek 

6 8 0 0  f t  U p s t r e a m  

R i o  B l a n c o ,  5/17 
C o l o .  
Fawn Creek 

5 0 0  ft U p s t r e a m  

R i o  B l a n c o ,  5/17 
C o l o ,  
F a w n  Creek 

5 0 0  ft D o w n s t r e a m  

R i o  B l a n c o ,  5/17 
C o l o ,  
F a w n  C r e e k  

8 4 0 0  ft D o w n s t r e a m  

R i o  B l a n c o ,  5/18 
Colo. 
F a w n  C r e e k  No, 1 

R i o  B l a n c o ,  5/17 
C o l o ,  
F a w n  C r e e k  No, 3 

R i o  B l a n c o ,  5 /  18 
C o l o ,  
CER No,  1 

B l a c k  Sulphur 

22 G r o s s  a 
G r o s s  p 
3 H 

2 2  G r o s s  a 
G r o s s  6 
3 H 

22  G r o s s  a <5 
Gross J3 <4 
JH 52 

22 G r o s s  a <5 
G r o s s  6 <4 
3H 53 

27 G r o s s  a 
Gross J3 
3H 

27 G r o s s  a 
G r o s s  p 
3 H 

27 G r o s s  a 
G r o s s  p 
3H 



T a b l e  A- 10- ( c o n t i n u e d )  

T y p e  of R a d i o a c t i v i t y  % of 
Sampling D e p t h  S a m p l e  R a d i o -  C o n c ,  Conc .  
Locat ion Date ( m ) < l )  Typecz) a c t i v i t y  (10-9 uCi/ml) Guidec31 

Rio Blanco, 5/18 
C o l o -  
CER No. 4 

Black Sulphur 

R i o  B l a n c o ,  5/18 
C o l o .  
B-1 E q u i t y  Camp 

R i o  B l a n c o ,  5/ 18 
C o l o .  
R r e n n a n  Windmill 

R i o  B l a n c o ,  5/18 
C o l o .  
Johnson Artesian W e l l  

Rio B l a n c o ,  5 /  17 
COlO- 
W e l l  RB-D-01 

R i o  B l a n c o ,  5/18 
C o l o .  
W e l l  RB-S-03 

A m c h i t k a ,  A l a s -  10/11 
South E n d  of 
C a n n i k i n  L a k e  

27 G r o s s  a <4 - 
G r o s s  p 7.5 - 
3 H 130 (0 .01 

27 Gross a 
G r o s s  p 
3 H 

23 G r o s s  a 
Gross fl 
3 H 

23 G r o s s  a 
G r o s s  j3 
3H 

23 Gross a 
G r o s s  p 
3H 

2 3  G r o s s  a 
Gross p 
SH 

PROJECT CANNIKIN 

G r o s s  a 
G r o s s  fl 
3H 

* 9 S r  

9 o S r  
2 3 4 u  

2 3 S u  

2 3 8 U  
238pU 

2 3 9 p ~  



Table A- 10, ( c o n t i n u e d )  

Type of R a d i o a c t i v i t y  % of 
S a m p l i n g  D e p t h  Sample R a d i o -  C o n c .  C o n c .  
L o c a t  ion Date (m) < 1, Type(2, a c t i v i t y  (10-9 p C i / r n l )  G u i d e C J )  

A m c h i t k a ,  A l a s .  10/11 
N o r t h  End of 
C a n n i k i n  L a k e  

A m c h i t k a ,  A l a s .  10/11 4 1  
W e l l  HTH-3 

A m c h i t k a ,  A l a s .  10/11 
Ice Box Lake 

G r o s s  a 
G r o s s  p 
3 H 
89Sr 
9 o S r  
234u 

2 35u 
238u 

238m 

239pU 

G r o s s  a 
G r o s s  j3 
JH 
89Sr 
9oSr 
2 3 4 U  
2 3 5 U  
2 3 8 U  
2 38pU 

239pU 

2 1 G r o s s  a 
G r o s s  j3 
JH . 

89Sr 
9 o S r  
234u 

2 3 5 U  
2 3 8 U  
2 38pU 

239pu 



Table A- 1 0. (continued) 

Type of  Rad ioac t iv i t y  X of  
Sampling Depth Sample Radio- Conc, Conc, 
Locat i on  D a t e  (m) < 1, TypeC2) a c t i v i t y  (10-9 p C i / m l )  GuideC3) 

Amchitka, A l a s .  10/11 22 G r o s s  a 
White A l i c e  G r o s s  f3 
Creek 3 H 

89Sr 
90Sx 
2 34u 

2 3 S U  
2 3eu ' 
238pU 

239pu 

Amchitka, A l a s ,  10/11 
P i t  South of 
Cannikin GZ 

G r o s s  a 
G r o s s  p 
3 H 
89Sr 
9oSr 
234u 

2 35u 
2 3 8 U  
238pu 
239Pu 

PROJECT MILROW 

Amchitka, A l a s .  10/12 21 Gross a 
Heart Lake G r o s s  j3 

3 H  
89Sr 
9oSr 
2 3*u 
2 3 5 U  
2 3 8 U  
238pu 
239W 



Tab le  A- 1 0. (cont inued)  

Type o f  R a d i o a c t i v i t y  X of 
Sampling Depth Sample Radio- Conc. Conc, 
Locat  i on  D a t e  (m) < 1 ) Type<2> a c t i v i t y  ( 10-9 p C i / m l )  GuideC3) 

Amchitka, A l a s .  10/12 0.83 23 3 H 
W e l l  W-5 

Amchitka, A l a s .  10/12 0.94 23 3 H 
W e l l .  W-6 

Amchitka, A l a s ,  10/12 1.6 23  3 H 
W e l l  W-8 

Amchitka, A l a s .  10/12 1.1 23  3 H  
W e l l  W-15 

Amchitka, A l a s .  10/12 2.0 23 3H 
W e l l  W-10 

Amchitka, Alas, 10/12 1.5 23  3 H  
W e l l  W-11 

Amchitka, Alas. 10/12 1.1 23  3H 
~ ~ e i l  W-3 

Amchitka, A la s  10/12 0.30 23 3 H  
W e l l  W-2 

Clevenger  10/12 
Creek 

G r o s s  a 
G r o s s  p 
3 H  
89Sr 
9oSr 
2 34u 
2 3Su 
2 38u 

238m 

2 39pu 



Table  A-10. ' (continued) 

Type of Rad ioac t iv i t y  % of  
Sampling Depth Sample Radio- Conc. Conc. 
Locat ion  D a t e  (n) < 1) TypeC2) a c t i v i t y  (10-9 pCi/ml)  Guidec3) 

PROJECT LONG SHOT 

Anchitka, Alas. 10/12 3.0 23 3 H  
W e l l  WL-2 

Anchitka, Alas- 10/12 7.9 23 G r o s s  a 
EPA Well-1 G r o s s  p 

3 H  

Reed Pond 10/12 Gross a 
G r o s s  j3 
3 H  
8 9Sr 
9oSr 
2 34u 

2 3 S U  
238u 

238m 

239pU 

23 G r o s s  a 
G r o s s  j3 
38 
89Sr 
90Sr 
234u 

2 3 5 U  
2 380 
238pu 
2 39pu 



Tab le  A- 10, (cont inued)  

Type o f  R a d i o a c t i v i t y  % o f  
Sampling Depth Sample Radio- Conc. Conc, 
Locat  i on  D a t e  (m) < 1) Type< 2 ) a c t i v i t y  ( 10-9 p C i / m l )  GuideC3 1 

Well GZ N o -  2 10/12 15 23 G r o s s  a 
G r o s s  p 
3 H  
89Sr 
9oSr 
2 34u 
2 3 S U  
2 3 8 U  

2 38pu 
239Pu 

W e l l  WL-1 10/12 1.7 23 G r o s s  a 
G r o s s  j3 
3 H  
89Sr 
9oSr 
226- 

2 3 4 U  

235u 
2 3 8 U  
2 38pU 

239Pu 

Mud P i t  No. 1 10/12 G r o s s  a 
G r o s s  j3 
3 H  
89Sr 
9oSr 
2 34u 
2 3 S U  
2 3 8 U  
238m 

239pu 



Table  A- 10. (continued) 

Type of  R a d i o a c t i v i t y  % of 
Sampling Depth Sample Radio- Conc, Con c. 
Locat ion  D a t e  ( m ) c l )  Type(2) a c t i v i t y  (10-9 p C i / m l )  Guidec3, 

Mud P i t  No,  2 10/12 

Mud P i t  No. 3 10/12 

Amchitka, Alas, 10/13 
C o n s t a n t i n e  
S p r i n g  

G r o s s  a 
Gross f3 
3 R  
89Sr 
9oSr 
2 34u 

2 3 5 U  
2 3 8 U  
236pu 
239Pu 

21 G r o s s  a 
Gross ~3 
3 H  
89Sr 
9oSr 
2 34u 
2 3 S U  

2 3 8 U  
238Pu 
239pU 

AMCHITKA BACKGROUND SAMPLES 

G r o s s  a 
G r o s s  f3 
3 H 
89Sx 
9oSr 
234u 

2 3 5 U  
2 3 8 U  
238pU 

239pU 



Table  A- 10. (continued) 

Type o f  R a d i o a c t i v i t y  % o f  
Samvling Depth Sample Radio- Conc. Conc. 
Locat  i o n  D a t e  (m) < 1 ) TypeC2) a c t i v i t y  (10-9 pCi/ml)  Guide's) 

Amchitka, A l a s .  10/13 21 
Jones  Lake 

G r o s s  
G r o s s  
3 H  
89Sr 
9oSr 
2 3 4 U  
2 3 5 U  
2 3 8 U  
2 38pU 

239pU 

Duck Cove 10/13 
Creek 

M i l e  27 Stream 10/14 

22 G r o s s  a 
G r o s s  p 
3 H  
89Sr 
9oSr 
2 34u 
2 3 5 U  
2 3 8 U  
238m 

239pU 

G r o s s  
G r o s s  
3 H  
8 9Sr 
9oSr 
2 3 4 U  
2 3 5 U  
2 3 8 U  
238pU 

239pU 



Tab1 e A- 1 0, (cont inued) 

Type of Radioac t iv i ty  % of 
Sampling Depth Sample Radio- Conc. Con c- 
Locat ion Date (m) Type(2, a c t i v i t y  (10-9 pCi/rnl)  GuideC3) 

Amchitka, 
Base Camp 

Alas. 10/14 2 6  Gross a 
Maint, Bldg. Gross p 

3 H  ' 

89Sr 
9oSr 
9 S ~ r <  S,  

2 3 4 U  
2 3 S U  
2 3eu 
2 38pu 
239pU 

< l)Tf depth not shown, water was c o l l e c t e d  a t  su r f  ace  
< * ) 2 1  - Pond, lake,  r e se rvo i r ,  s t o c k  tank, or s t o c k  pond 

22 - Stream, r i v e r ,  o r  c reek  
23 - W e l l  
26 - Rain 
27 - Spring 

< 3 )Concentration Guides (CG) f o r  d r ink ing  water a t  on - s i t e  l o c a t i o n s  
a r e  t h e  same as t h o s e  f o r  o f f - s i t e  loca t ions ,  See Appendix B f o r  
Concentration Guides, A s  g ross  a and gross  j9 r a d i o a c t i v i t y  con- 
c e n t r a t i o n s  w e r e  used only  f o r  i d e n t i f y i n g  gross  r a d i o a c t i v i t y  
concent ra t ion  i n c r e a s e s  and as more complete rad ionucl ide  ana lyses  
w e r e  made i n  t h e  pas t ,  t h e  c a l c u l a t i o n  of  % C G g s  was not  considered 
appropria te .  

<*)High MDC due t o  high concent ra t ion  of d isso lved  s o l i d s ,  
(5)Observed i n  suspended s o l i d s  only- 
(6)Sample l o s t  i n  ana lys i s .  



APPENDIX B, RADIATION PROTECTION STANDARDS 
FOR EXTERNAL AND INTERNAL EXPOSURE 

DOE ANNUAL DOSE COMMITMENTC1, 

Dose Limit  t o  Dose Limi t  t o  
C r i t i c a l  I n d i v i d u a l s  S u i t a b l e  Sample 
i n  Uncont ro l led  Area o f  t h e  Exposed 
a t  P o i n t s  o f  Maximum Popu la t ion  i n  an 

Type of  Exposure Probable  Exposure (rem) Uncont ro l led  Area ( r e m )  

whole Body, gonads 
o r  bone marrow 

Other o rgans  1.5 0.5 

DOE CONCENTRATION GUIDES (CG' S) < 1 ) 

Sampling Radio- CG 
Network or Proqram Medium n u c l i d e  ( vCi/ml) Bas i s  o f  Exposure 

A i r  S u r v e i l l a n c e  Network a i r  7 Be 1.1~10-0 S u i t a b l e  sample 
9 5 Z r  3.3~10-10 o f  t h e  exposed 

1311 3 . 3 ~  10-1 1 p o p u l a t i o n  i n  
13 zTe 1 .0~10-9  u n c o n t r o l l e d  area .  
13 7Cs 1.7~10-10 
l *  OBa 3 . 3 ~  10-1 0 

Noble Gas and T r i t i u m  
S u r v e i l l a n c e  Network, 
On-NTS 

Noble Gas and T r i t i u m  
S u r v e i l l a n c e  Network. 
Of f-NTS 

a i r  B s K r  1.0~10-5 I n d i v i d u a l  i n  
3 H  5.0~10-6 c o n t r o l l e d  area. 

13 3 X e  1. 0x10-5 

a i r  8 s K r  1. 0x10-7 S u i t a b l e  sample 
J H  6.7~10-0 o f  t h e  exposed 

l 3 3 X e  1. OX 10-7 p o p u l a t i o n  i n  
u n c o n t r o l l e d  a r e a .  

Long-Term Hydrologica l  
Program 

water  3. Ox 10-3 I n d i v i d u a l  i n  a  
3.0~10-6 c o n t r o l l e d  or an  
3. Ox 10-7 u n c o n t r o l l e d  a rea .  
2.ox10-s 
3.0~10-8 
3.0~10-S 
3. Ox 10-5 
4 .0~10-5  
5. Ox 10-6 
5.0~10-6 

EPA D R I N K I N G  WATER REGULATIONS FOR RADIONUCLIDESC2) 

Maximum Contaminant Levels  f o r  Beta  P a r t i c l e s  and Photon R a d i o a c t i v i t y  from 
Man-Made Radionucl ides  i n  Community Water Systems< 3) 

(a )  The ave rage  annua l  c o n c e n t r a t i o n  of b e t a  p a r t i c l e  and photon radio-  
a c t i v i t y  from man-made r a d i o n u c l i d e s  i n  d r i n k i n g  water  s h a l l  n o t  
produce a n  annual  d o s e  e q u i v a l e n t  t o  t h e  t o t a l  body o r  any i n t e r n a l  
o rgan  g r e a t e r  t h a n  4  mi l l i rem/year .  



APPENDIX B. ( c o n t i n u e d )  

Except f o r  t h e  r a d i o n u c l i d e s  l i s t e d  i n  Table B-1, t h e  concen t ra t ion  of 
man-made rad ionuc l ides  caus ing 4 mrem t o t a l  body o r  organ dose  
e q u i v a l e n t s  s h a l l  be c a l c u l a t e d  on t h e  b a s i s  of a  2 - l i t e r  per day 
d r ink ing  water i n t a k e  us ing  t h e  168 hour da ta  l i s t e d  i n  "Maximum 
Permiss ib le  Body Burdens and Maximum Permiss ib le  Concentra t ion  o f  
Radionuclides i n  A i r  o r  Water f o r  Occupational  Exposure," NBS 
Handbook 69 a s  amended August 1963, U.S. Department of .  Commerce. 
If  two o r  more r ad ionuc l ides  a r e  present ,  t h e  sum of t h e i r  annual  
dose  equ iva len t  t o  t h e  t o t a l  body o r  t o  any organ s h a l l  n o t  exceed 
4 millirem/year. 

TABLE B-1. AVERAGE ANNUAL CONCENTRATION ASSUMED TO PRODUCE A 
TOTAL BODY OR ORGAN DOSE OF 4 MREWYR 

pCi 
Radionucl i d e  C r i t i c a l  Orqan pe r  l i ter  

Tr i t ium 
Strontium- 9 0 

T o t a l  body 
Bone marrow 

<I l**Rad ia t ion  F-rotection Standards,"  DOE Manual, Chapter 0524. 
< 2 ,nDrinking Water Regulat ions Radionuclides. T i t l e  40 Code of 

Federa l  Regulat ions,  Chapter  1, P a r t  141. Federa l  Regis ter ,  Vol. 41, 
No. 133. U.S, Government P r i n t i n g  Office,  Washington, D.C. July 9, 1976, 

<3lCommunity water  system is a pub l i c  water system which s e r v e s  a popula t ion  
of  which 70 percen t  o r  g r e a t e r  a r e  r e s iden t s .  A pub l i c  water  system is  
a system f o r  t h e  p rov i s ion  t o  t h e  p u b l i c  of piped water  f o r  human con- 
sumption, i f  such system has  a t  l e a s t  15 s e r v i c e  connections o r  reg- 
u l a r l y  se rves  an average  of 25 i n d i v i d u a l s  d a i l y  a t  l e a s t  3 months o u t  
of t h e  year.  



APPENDIX C.  DETECTION OF AIRBO@f& RADIOACTIVITY FROM 
ATMOSPHERIC NUCLEAR TEST BY THE PEOPLE'S REPUBLIC O F  CHINA 

Following t h e  a tnospher ic  nuclear  test by t h e  People's Republic 
of China on September 17, 1977, a t  0300 hours EDT, samples of a i r -  
borne r a d i o a c t i v i t y  within t h e  Western United S t a t e s  w e r e  obtained 
from t h e  A i r  Survei l lance  Network of  t h e  Ehvironmental Monitoring 
and Support Laboratory, Las Vegas. Samples w e r e  c o l l e c t e d  t o  de te r -  
mine t h e  e f f e c t  of  t h e  Chinese test  on ambient l e v e l s  of a i rborne  
r a d i o a c t i v i t y ,  which a r e  r o u t i n e l y  monitored around t h e  Nevada T e s t  
S i t e  i n  support  of  underground nuc lea r  tests, Spec ia l  samples of raw 
milk and cow feed were a l s o  c o l l e c t e d  from a l o c a l  milk producer t o  
determine whether rad io iodine  from t h e  test  could be de tec ted  i n  
milk. From t h e  concentrat ion of r ad io iod ine  observed i n  t h e  a i r  and 
milk samples, an es t ima te  of t h e  r a d i a t i o n  dose equiva lent  t o  t h e  
thyro id  gland of a hypothet ica l  i n f a n t  r ecep to r  a t  each sampling loca- 
t i o n  was ca lcula ted .  The fol lowing i s  a summary of t h e  procedures and 
r e s u l t s ,  

PROCEDURE 

In add i t ion  t o  t h e  48 a c t i v e  s t a t i o n s  of t h e  Air Survei l lance  
Network (ASN) , 67 of t h e  73 s tandby s t a t i o n s  w e r e  a c t i v a t e d  f o r  t h e  
per iod September 18 through October 19, 1977- A l l  ope ra to r s  of a c t i v e  
and standby s t a t i o n s  were requested t o  use  a charcoal  c a r t r i d g e  behind 
t h e  p a r t i c u l a t e  f i l t e r  f o r  t h e  c o l l e c t i o n  of gaseous radioiodine,  Com- 
p le te ' sampl ing  over t h e  des i red  pe r iod  was performed by 89 o u t  of  t h e  
115 t o t a l  s t a t i o n s ;  26 of t h e  s t a t i o n s  had equipment problems o r  d i d  
not  mail  i n  one o r  more samples dur ing  t h e  period. 

The p a r t i c u l a t e  f i l t e r s  from a l l  s t a t i o n s  w e r e  counted f o r  g ross  
be ta  r a d i o a c t i v i t y  a t  7 days and 14 days a f t e r  c o l l e c t i o n  t o  al low 
f o r  t h e  decay of  n a t u r a l l y  occurr ing  r a d i o a c t i v i t y  and f o r  t h e  pur- 
pose of  ex t rapo la t ing  t h e  concent ra t ion  t o  t h e  m i d t i m e  of co l l ec t ion .  

About 5 days a f t e r  c o l l e c t i o n ,  t h e  f i l t e r s  from each s t a t i o n  w e r e  
analyzed f o r  gamma-emitting radionucl ides  by gamma spectrometry 
techniques. The charcoal  c a r t r i d g e s  were i n i t i a l l y  counted f o r  g ross  
gamma r a d i o a c t i v i t y ;  those  c a r t r i d g e s  having a count r a t e  g r e a t e r  
than  300 cpm w e r e  then q u a n t i t a t e d  f o r  s p e c i f i c  radionucl ides .  

During t h e  per iod September 27  t o  October 31, raw milk samples 
were c o l l e c t e d  d a i l y  from t h e  LDS Dairy Farm, a l o c a l  milk producer i n  



Las Vegas, and analyzed f o r  gamma-emitters by gamma spectrometry. 
Three samples were a l s o  s e l e c t e d  f o r  radiostront ium analysis .  Cow feed 
samples were co l l ec ted ;  however, t h e  presence of rad io iodine  could 
only be q u a l i t a t i v e l y  determined. 

RESULTS 

The a i rborne  concentrat ion of gross  be ta  r a d i o a c t i v i t y  es t imated 
from t h e  a n a l y s i s  of f i l t e r s  c o l l e c t e d  from t h e  ASN s t a t i o n s  over 
t h e  period September 18 through October 19 was de tec ted  a t  most s t a -  
t i o n s  throughout t h e  Netwrk  and reached its peak over t h e  period 
September 21-30. Typical t i m e  series p l o t s  of t h e  g ross  be ta  radio- 
a c t i v i t y  concent ra t ions  i n  a i r  are i n  Figures C-1 and C-2 f o r  Vernal, 
Utah, and Ely, Nevada, where t h e  maximum ind iv idua l  concent ra t ion  of 
g ross  be ta  r a d i o a c t i v i t y  occurred (1.2~10-10 p C i / m l )  and t h e  maximum 
q u a r t e r l y  average concentrat ion o f  gross  be ta  r a d i o a c t i v i t y  occurred 
(3.5~10-12 p C i / m l )  a t  a  continuously opera t ing  a c t i v e  s t a t i o n .  

A s  i nd ica ted  by t h e  r e s u l t s  of gamma spectrometry ana lyses  on a i r  
samples, a i rborne  f r e s h  f i s s i o n  products from t h e  Chinese test  w e r e  
f i r s t  de tec ted  on September 21-22 i n  Idaho and Utah, The ASN s t a -  
t i o n s  i n  Washington, Oregon, and southeastern C a l i f o r n i a  f i r s t  de- 
t e c t e d  t h e  r a d i o a c t i v i t y  during t h e  per iod  September 22-23 (Washington 
and C a l i f o r n i a ) ,  Air sampling s t a t i o n s  f a r t h e s t  t o  t h e  e a s t  i n  t h e  
Network (Minnesota, Iowa, Missouri, Arkansas, and Louisiana) f i r s t  
ae t ec ted  r a d i o a c t i v i t y  i n  samples c o l l e c t e d  during t h e  period Septem- 
ber  23-26 (Missouri),  Fresh f i s s i o n  products (9SZr, 9 9 M 0 ,  103Ru. 13118 
132Te, 1 3 7 C s ,  l*oBa, 1 4 l C e ,  l**Ce, and l*7Nd), an a c t i v a t i o n  product 
(z39Np), and n a t u r a l l y  occurr ing  7Be  w e r e  de tec ted  i n  var ious  combina- 
t i o n s  on t h e  filters. Only 1311 w a s  de tec ted  on t h e  charcoal  ca r t r idges .  
Due t o  t h e  counting workload and i n t e r f e r e n c e s  within t h e  gamma spectra ,  
only t h e  rad ionucl ides  7Be, 9 5 Z r ,  1311, lJ2Te8 1 3 7 C ~ 8  and l*oBa w e r e  
quan t i t a t ed ,  Tables C-2 and C-3 summarize t h e  rad ionucl ide  concentra- 
t i o n s  de tec ted  i n  f i l t e r  samples c o l l e c t e d  a t  a l l  sampling l o c a t i o n s  
f o r  CY 1977. The l o c a t i o n s  and sampling per iods during which t h e  maxi- 
mum concent ra t ions  of each rad ionuc l ide  was de tec ted  a r e  shown i n  t h e  
fol lowing t ab le :  



TABLE C-1. A I R  SAMPLING STATIONS HAVING THE 
MAXIMUM RADIONUCLIDE CONCENTRATIONS 

Half Maximum 
Sampling Radio- L i f e  Conc . 

Location Period nuc l ide  (days) ( p C i / m J )  % CG* 

Ely, Nev. 09/20-09/21 9 s ~ r  65 8.5 3 

Ridgecrest ,  Ca l i f .  09/28-09/29 1311 8-04 8.8 30 

Vernal, Utah 09/23-09/24 1 32Te 3.3 14 1 

Milford, Utah 09/05-09/07 1 3 7 C s  30.1 (y) 0.031 0.02 

Ely, Nev. 09/26-09/28 14oBa 13 17 5 

*Percents of Concentration Guides (CG),  a s  s p e c i f i e d  i n  DOE Manual, 
Chapter 0524 f o r  s u i t a b l e  sample of t h e  exposed population, w e r e  
determined assuming t h a t  t h e  maximum concentrat ion p e r s i s t e d  f o r  a 
f u l l  year, 

From t h e  concent ra t ions  of 1311 and 132Te  determined i n  samples 
from each a i r  sampling loca t ion ,  t h e  r a d i a t i o n  dose equiva lent  (DOE,) 
t o  t h e  thyroid  gland of a hypothet ica l  1-year-old i n f a n t  r ecep to r  w a s  
c a l c u l a t e d  f o r  each sampling locat ion*,  The r e s u l t a n t  D.E.@s f o r  each 
sampling l o c a t i o n  a r e  shown i n  Figures  C-3 and C-4 with i s o p l e t h  l i n e s  
f o r  t h e  D,E.@s of  0.5 m r e m ,  1.0 m r e m ,  and 1.5 m r e m .  The h ighes t  i n f a n t  
thyro id  DOE,  from a i r  was est imated to be 1.6 m r e m  from t h e  samples 
c o l l e c t e d  a t  Lund and Hikb, Nevada, This dose is 0.3 percent  of t h e  
Radiation Protec t ion  Standard of 500 m r e m  f o r  t h e  genera l  population, a s  
s p e c i f i e d  by t h e  DOE Manual, Chapter 0524. 

Table C-4 lists t h e  gamma spectrometry r e s u l t s  f o r  t h e  milk samples 
c o l l e c t e d  a t  t h e  LDS Dairy Farm near  Las Vegas, Nevada. A s  i n d i c a t e d  
by t h i s  t a b l e ,  1311 was de tec ted  i n  26 of t h e  t o t a l  of 31 samples 
c o l l e c t e d ;  t h e  maximum concent ra t ion  measured was 57 pCi/ l  i n  t h e  
sample c o l l e c t e d  September 29, Samples of cow feed (green chop) 
were c o l l e c t e d  during t h e  per iod September 27 through October 31. 
Those samples c o l l e c t e d  dur ing  t h e  per iod  September 27 through 
October 23 were q u a l i t a t i v e l y  p o s i t i v e  f o r  1311. Two of t h e  t h r e e  
milk samples s e l e c t e d  f o r  rad ios t ront ium a n a l y s i s  had concent ra t ions  
of rad ios t ront ium t h a t  were bare ly  above t h e  minimum d e t e c t a b l e  con- 
cen t ra t ion ,  One sample c o l l e c t e d  on September 29 had a 89Sr con- 

*Calcula t ional  procedures were t h e  same a s  those  s p e c i f i e d  i n  Appendix 
B, "Final Report o f  o f f -S i t e  Surve i l l ance  f o r  t h e  Baneberry Event," 
Report No. SWRHL-107r. WERL/EPA, Las Vegas, Nevada. Feb. 1972. 



c e n t r a t i o n  and two-sigma counting error of 6.2k3.3 pCi/l. The o the r  
c o l l e c t e d  on October 1 had a 9oSr concentrat ion and counting e r r o r  
of 1.3k0.78 pCi/l. 

Figures C-5 arid C - 6 ,  r e spec t ive ly ,  show how t h e  1311  concentrat ions 
i n  milk and a i r  samples from Las Vegas va r i ed  w i t h  time, Decay curves 
f o r  8-day and 5-day h a l f - l i v e s  a r e  superimposed on t h e  graph f o r  com- 
par ison,  Normally t h e  decrease i n  1311 concentrat ions i n  milk 
fol lowing a s i n g l e  contaminating event  fol low t h e  curve f o r  a 5-day 
ha l f - l i f e .  Due t o  t h e  f a c t  t h a t  s i g n i f i c a n t  a i rborne  concent ra t ions  
of 1311 (2 1 pCi/m3) p e r s i s t e d  f o r  5 consecutive days, t h e  decrease 
of t h e  1311 concentrat ion i n  milk samples i n i t i a l l y  fa l lowed t h e  curve 
f o r  t h e  8.04-day ha l f - l i f e .  The no t i ceab le  departure  from t h i s  curve 
observed f o r  samples c o l l e c t e d  October 9 and 12 and during t h e  period 
3ctober  14-19 cannot be explained by t h e  1311 concentrat ions i n  a i r  
samples, The a i r  concentrat ions of 1311 w e r e  w e l l  below t h e  l e v e l  
(3-5 pCi/mJ) required on o r  a f t e r  October 7 t o  have caused t h e  l e v e l s  
observed i n  milk (19-42 pCi/l)  . 

Based on t h e  t ime-integrated concentrat ions of 1311 i n  t h e  Las 
Vegas m i l k  and t h e  a i r  samples, t h e  est imated D.E. t o  t h e  thy ro id  
gland of a hypothe t ica l  1-year-old i n f a n t  receptor  was 12 m r e m  and 
1.2 m r e m ,  r espec t ive ly .  These doses, co l l ec t ive ly ,  are 3 percent  of t h e  
Radiation Pro tec t ion  Standard of 500 m r e m  f o r  exposures t o  t h e  genera l  
population. The est imated D.E. from milk i s  0.1 percent  of t h e  Protec- 
t i v e  Action Guide* of 10 rads  (or r e m )  at  which p r o t e c t i v e  a c t i o n s  would 
be necessary t o  reduce human i n t a k e  o f  t h e  radioiodine.  

*nBackground Mater ia l  f o r  t h e  Development of Radiation Pro tec t ion  
Standards," Report No, 2, Federal  Radiation Council, Superintendent 
of Documents, U.S .  Government P r i n t i n g  Office,  Washington, D.C., 
September 1961, P, 8. 
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Figure C-1. Gross Beta Radioactivity Concentrations 
in Air at Vernal, Utah 

Figure C-2. Gross Beta Radioactivity Concentrations 
in Air at Ely, Nevada 
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Numbers represent estimated dose equivalent (mrem) 
to thyroid gland of hypothetical infant receptor with o 100 200 300 

one-gram-thyroid weight. * represents locations at 
which sampling was incomplete over the period of 

0 100200300400 
September 18 through October 19. 
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Figure C-3. Infant Thyroid Dose Equivalents (mrem) Estimated 
from Air Sampling Results of Air Surveillance 
Network (Nevada), September-October 1977 

1 1  1 
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Figure C-4. Infant Thyroid Dose Equivalents (mrem) Estimated 
from Air Sampling Results of Air Surveillance 
Network (Western United States), September- 
October 1977 



Infant thyroid dose equivalent calculated from 
observed and estimated concentrations of 1 3 '  I = 
12 mrem. 

- - - - Missing samples; conc. estimated -.-.- Decay based upon 5-day effective 

half life - Decay based upon 1 3 ' 1  

life of 8.04 days 
physical half- 

Date 

F i g u r e  C-5. 1311 C o n c e n t r a t i o n s  i n  Milk Samples C o l l e c t e d  
i n  Las Vegas, Nevada 

Calculated infant thyroid dose 
equivalent = 1.2 mrem. 

Date 

F i g u r e  C-6. 1311 C o n c e n t r a t i o n s  i n  A i r  Samples C o l l e c t e d  
i n  Las Vegas, Nevada 



T a b l e  C-2. 1977 Summary o f  A n a l y t i c a l  R e s u l t s  f o r  
A i r  S u r v e i l l a n c e  Network 

A c t i v e  S t a t i o n s  

No,  Type o f  R a d i o a c t i v i t y  
Sa mpl i n  g Days Radio- C o n c e n t r a t i o n  < 10-9pCi/ml, 
L o c a t i o n  D e t e c t e d  a c t i v i t y  Max Min Avq 

Kingman, Ariz.  14.0 7Be 0-36 0.20 0.011 
325.1 9 s Z r  3.0 0.013 (0.2 

27.0 1311 3 - 2  0.029 0.039 
14-0  132Te 2.6 0.036 0.022 
11.0 1 3 7 C s  0.027 0.020 <0.001 
38.0 l*oBa 7.1 0.037 0.067 

Sel igman,  Ariz, 25.0 7 B e  0.49 0.15 0,021 
282.0 9 s Z r  1.4 0.015 (0.2 

14.0 1311 1.4 0,074 0.027 
10.0 l32Te  1.5 0.14 0.014 

2 -0  1 3 7 C s  0,020 0.020 <0.001 
14.0 l * O B a  4.3 0 -18  0.041 

k e r ,  C a l i f ,  

Barstow,  C a l i f -  

Bishop,  C a l i f .  

Death  V a l l e y  Jct., 33-8  7Be 0.28 0.11 0.019 
C a l i f .  284.8 9sZr 3.6 (0.02 (0.2 

21.0 1311 2.7 0.037 0.044 
11.0 132Te 2.8 0.056 0. 026 

4.0 1 3 7 C s  0.023 0.016 <0.001 
32.0 14oBa 5.3 0.049 0.059 



T a b l e  C-2, (cont inued)  

No- Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concen t ra t ion  < 10-9pCi/rnl~ 
l o c a t i o n  Sampled a c t i v i t y  Max Min Avq 

Furnace  Creek, C a l i f ,  33.0 7Be 0.91 0-12 0.032 
264.1 9sZr 3.4 0.015 (0.2 

23-1 1311 2.1 0,029 0, 029 
7.0 l32Te 2.1 0, 40 0, 020 

13-7 1 3 7 C s  0,030 0,021 <0,001 
30.6 l*oBa 5.3 0,071 0.055 

Lone Pine,  C a l i f ,  

Needles,  C a l i f .  

R i d g e c r e s t ,  C a l i f ,  

Shoshone, C a l i f ,  

A l a m o ,  Nev, 



T a b l e  C-2, (cont inued)  

No. Type o f  R a d i o a c t i v i t y  
Sampling Days Radio- Concentra t ion < 10-9 p C i / m l ,  
Locat ion Sampled a c t i v i t y  Max Min Avq 

Austin,  N e v ,  21.9 7Be 0.35 0.11 0.017 
226.2 95Zr 3.4 0,011 0.13 

19.8 1311 2 -9  0.024 0.031 
7.0 l32Te 3 - 2  0.039 0.028 
7 - 0  l 3 7 C s  0,027 0.020 <0,001 

27.7 l*oBa 6.3 0.043 0.068 

Beat ty ,  Nev.  

Blue E a g l e  Ranch, Mev, 20.0 7 B e  0.39 0.15 0.012 
275.6 9 s Z r  4 -0  0.016 0.12 

23.3 1311 3.5 0,036 0, 065 
15.5 l32Te 3.0 0.036 0.033 
2 -0  l 3 7 C s  0,024 0.024 <0,001 

32.1 14oBa 8.6 0.027 0,079 

Blue Jay, Nev. 

Ca l i en t e ,  Nev.  

Cur ran t  Ranch, Nev.  



Table C-2, (continued) 

No,  Type of Radioact ivi ty  
Sampling Days Radio- Concentration < 10-9pCi/mll 
Location Sampled a c t i v i t y  Max Min Avq 

Diablo, Nev. 

Duckwater, Nev. 

Ely, Nev. 

Eureka, Nev. 

F a l l i n i ' s  Ranch, N e v .  

Geyser Ranch, Nev, 15.7 
286.6 

28.0 
12-0 
7.0 

39.1 



Table C-2. (continued) 

No.  Type o f  Radioactivity 
Sampling Days Radio- Concentration c lO-9pCi/ml) 
Location Sampled a c t i v i t y  Max Min A v q  

Goldfield,  Nev. 

A r e a  51,  NTS, Nev. c 1 >  

Hiko, Nev. 

Indian Springs, Nev. 

Las Vegas, Nev, 

Lathrop W e l l s ,  Nev. 



Table C-2, (continued) 

No. Type of Radioact iv i ty  
Sampling Days Radio- Concentration < 10-9pCi/ml> 
Location Sampled a c t i v i t y  Max Min A v q  

Lund, Nev, 

Mesquite, N e v ,  

Moapa, Nev. 

Nyala, Nev, 

Pahrump, N e v .  



Table  C-2. ( con t inued)  

No. Type of R a d i o a c t i v i t y  
Sa mpling Days Radio- Concen t ra t ion  < 10-9 p C i / m l l  
Loca t ion  Sampled a c t i v i t y  Max Min Avq 

Pioche, Nev. 

Round Mountain, N e v .  22.8 7Be 0-43 0-17 0.016 
293.3 9sZr 3.3 0.02 <o, 2 

22.5 1311 3.4 0.047 0.047 
11-1 l32Te 3.7 0.082 0.030 
3.0 1 3 7 C s  0.014 0,014 <0.001 

32.3 140Ba 5.7 0.034 0.057 

S c o t t y e s  Junc t i on ,  Nev, 19.8 7 B e  0-51 0.13 0,014 
298.9 9 s Z r  3.7 0,016 <0.2 
22-0 1311 4.6 0.048 0, 058 
17.0 l32Te 5.3 0.075 0.046 

00 137Cs - - - 
33-0 leoBa 6. 1 0.044 0.067 

S tone  Cabin Ranch, Nev. 30.7 7 B e  0.48 0.16 0.023 
297.7 9 s Z r  3.4 0,014 (0.2 

15.6 1311 3.2 0,027 0.040 
6.7 132Te 3.6 0.53 0.026 
5.0 l37Cs 0.024 0,022 <0.0001 

26.2 14oBa 6-9  0.027 0.055 

Sunnyside, N e v ,  

Tonopah, Nev. 



Table C-2. (continued) 

No, Type of Radioactivity 
Sampling Days Radio- Concentration c 10-9 p C i / m l )  
Location Sampled a c t i v i t y  Max Min Avq 

Tonopah T e s t  Range, N e v .  10.1 7 B e  0 .49 0. 15 0,010 
236.0 9 S Z r  2. 9  0 .012 0.14 

22.9 1311 4 .0  0 ,045 0.42 
10.8 1 3 2 T e  4 .7  0 ,086 0.037 

1.9  1 3 7 C s  0.028 0.028 <0.001 
28.9 l*oBa 6 . 0  0.040 0.062 

Cedar City, Utah 

Delta, Utah 

Garrison, Utah 

Milford, Utah 

S t .  George, Utah 

A l s o  known as  G r o o m  Lake.  



T a b l e  C-3. 1 9 7 7  Summary of Analytical Results for 
A i r  Surveillance N e t w o r k  

Standby Stations 

No . Type of Radioactivity 
S a m p l i n g  D a y s  R a d i o -  Concentration < l o - p C i / m l )  
L o c a t i o n  Detected act ivity  Max Min Avq 

P h o e n i x ,  A r i z .  

W i n s l o w ,  Ariz. 

L i t t l e  R o c k ,  Ark. 

Indio, C a l i f .  

D e n v e r ,  C o l o .  

D u r a n g o ,  C o l o .  



Table C-3, (continued) 

No. TYPe of Radioactivity 
Sampling Days Radio- Concentration <10-9pCi/ml, 
Location Detected activity Max M i  n Avq 

Grand Junction, 
C010 .  

Pueblo, Colo. 

B o i s e ,  Idaho 

Idaho Fa l l s ,  
Idaho 

Mountain Home, 
Idaho 

Pocate l lo ,  Idaho 



T a b l e  C-3. (cont inued)  

No. Type o f  R a d i o a c t i v i t y  
Sampling Days Radio- Concen t r a t i on  <10-9pCi/ml) 
Loca t ion  Detec ted  a c t i v i t y  Max Min Avq 

Pres ton ,  Idaho  

Twin F a l l s ,  Idaho 

Iowa Ci ty ,  I o w a  

Sioux Ci ty ,  Iowa 

Dodge Ci ty ,  Kans, 

Lake Char les ,  La, - 0  7Be - - - 
25.3 9 s Z r  0.17 0.019 0,052 

4.0 1311 0,067 0.059 0,0071 
6.9 132Te 0.068 0.042 0.0098 

- 0  137Cs - - - 
11.9 14oBa 0.21 0.05 0.038 



Table C-3. (continued) 

N o  . TYPe of R a d i o a c t i v i t y  
Sampling Days Radio- Concentration <10-9pCi/ml> 
Location Detected a c t i v i t y  Max Min Avq 

Monroe, La. - 0  7Be - - - 
26.9 95Zr 3.5 0.039 0 .29  
13.0 1 3 1 1  4.0 0.021 0.28 
10.9 l32Te 3.7 0.041 0.25 

- 0  137cs - - - 
17.9 l4oBa 7.7 0.025 0.54 

New Orleans, La. 

Minneapolis, Minn. 

Clayton,  M o .  

J o p l i n ,  M o .  

S t ,  Joseph, Mo. 



Table C-3. (continued) 

N o ,  Type o f  Radioact iv i ty  
Sampling Days Radio- Concentration <10-9pCi/rnl) 
Location Detected a c t i v i t y  Max Min Avq 

B i l l i n g s ,  Mont. 

Bozeman, Mont, 

M i  s soula ,  Mont. 

North P l a t t e ,  
Nebr. 

B a t t l e  Mountain, 
Nev. 

Currant Maint, 
S ta . ,  Nev. 



Table C-3. (continued) 

No. Type o f  Radioactivity 
Sampling Days Radio- Concentration <10-9pCi/ml~ 
Location Detected a c t i v i t y  Max Min Avq 

Currie, Nev. 

Elko, Nev. 

Fallon, Nev. 

Frenchman Sta., 
Nev. 

Lovelock, Nev. 

Reno, Nev. 



Tab le  C-3. (continued) 

No. Type of R a d i o a c t i v i t y  
Sampling Days Radio- Concentra t ion c lO-9pCi /ml ,  
Locat ion Detec ted  a c t i v i t y  Max Min Avq 

Warm Springs,  Nev. - 0  7 B e  - - - 
24.9 9sZr 5.5 0.044 0.70 
16.0 1311 6.3 0.45 0.76 
10.0 132Te 7.4 0.053 0.72 

- 0  13'Cs - - - 
16.0 l*oBa 9.1 0.12 0.11 

W e l l s ,  Nev .  

Winnemucca, Nev. 

Albuquerque, 
N. Mex. 

Carlsbad,  N. Mex. 

Muskogee, Okla . 



T a b l e  C-3, ( c o n t i n u e d )  

N o ,  TYPe of R a d i o a c t i v i t y  
Sampl ing  Days Radio- C o n c e n t r a t i o n  <10-9pCi/ml' 
L o c a t i o n  D e t e c t e d  ac t iv i ty  Max Min Avq 

Norman, Okla, 2.0 7Be 0-55 0.55 0,022 
34.6 9 5 Z r  0.44 0- 0 5  0 - 1 2  
1 4 - 9  1311 0.24 0.041 0.048 
10.9 132Te 0.36 0 ,075 0.052 

- 0  137Cs - - - 
24.9 l * o B a  0.63 0 ,042 0.14 

Burns ,  Oreg. 

Medford, Oreg. 

Aberdeen,  S, Dak, 

R a p i d  City, S, Dak, 

Abilene, Tex, 



Table  C-3.  ( cont inued)  

N o .  WPe of R a d i o a c t i v i t y  
Sampling Days Radio- Concentrat ion  <10-9pCi/ml, 
Locat ion  Detec ted  a c t i v i t y  Max Min Avq 

Amari l lo ,  Tex. 

Aust in ,  Tex. 

F o r t  Worth, Tex. 

Eryce  Canyon, Utah 3.5 7Be 0.27 0.17 0 .015  
32.2 95Zr 1.7 0.046 0.26 
20.1 1 3 1 1  2.5 0-039 0 .34  
13.0 132Te 2- 6 0.084 0.24 

- 0  137Cs - - - 
21.9 l*oEa 3.7 0.047 0.46 

C a p i t o l  R e e f ,  Utah . O  7Be - - - 
37.6 9 s Z r  1.6 0 ,025  0.26 
15 -9  1 3 1 1  1.7 0.044 0.27 
7.0 l32Te 1 - 8  0.14 0.18 

- 0  137Cs - - - 
23.8 l4oBa 3.5 0.10 0.39 

Dugway, Utah 



Table C-3. (continued) 

No. Type o f  R a d i o a c t i v i t y  
Sampling Days Radio- Concen t ra t ion  <10-9pCi/ml~ 
Locat ion Detected a c t i v i t y  Max Min Avq 

Ente rp r i s e ,  Utah 7 - 1  7Be 0.21 0 -15  0.025 
37 -8  9 s Z r  2. 9 0.063 0.32 
26.0 1311 2. 4 0.027 0.28 

7.0 l 3 2 T e  2. 6 0.83 0.21 
.o 137Cs - - - 

26-0  l *oBa 5. 2 0.056 0.51 

Logan, Utah 

Monticel lo,  Utah 

Parowan, Utah 

Provo, Utah 

S a l t  Lake Ci ty ,  
Utah 



Table C-3- (continued) 

No. TYPe o f  Radioactivity 
Sampling Days Radio- Concentration < 10 ' -9r~ i /ml~  
Location Detected a c t i v i t y  Max Min Avq 

Vernal, Utah 

wendover, Utah 

S e a t t l e ,  Wash, 

Spokane, Wash, 

Casper, Wyo, 

Rock Springs, Wyo, 



Table C-3, (continued) 

No,  TYPe of R a d i o a c t i v i t y  
Sampling Days Radio- Concentration <10-9pCi/ml~ 
Location Detected activity Max Min Avq 

Worland, Wyo. 3.0 'Be 0.25 0-  25 0,019 
32.0 95Zr 2.0 0,053 0.20 
13.0 lJ1I 1 - 9  0.018 0 - 1 2  

3.0 l32Te 0.12 0,077 0.0071 
. O  1 3 7 C s  - - - 

19.0 l*oBa 3.8  0,055 0.29 



Table C-4. Special Milk Sampling Results for Las Vegas, Nevada 

Radionucl i d e  
Sampling Col l ec t ion  Sample Radio- Concentrat ions  
Locat ion Date Type< 1, nucl ide  (10-9 p C i / m l ) < Z )  

Las Vegas, N e v .  09/27/77 12 1311 12 * 4.6 
LDS Dairy Farm 137Cs  <6 

l*OBa <4 

Las Vegas, Nev. 09/29/77 12 a9Sr 6.2 * 3.3 
LDS Dairy Farm 9oSr <2 

1311  57 * 5.3 
l 3 7 C s  <5 
l4oBa <4 

Las Vegas, Nev. 
LDS Dairy Farm 

Las Vegas, Nev. 
LDS Dairy Farm 

Las. Vegas, Nev. 10/0 2/77 12 
LDS Dairy Farm 

Las Vegas, Nev.  
LDS Dairy Farm 

Las Vegas, N e v .  
LDS Dairy Farm 

Las Vegas, Nev. 
LDS Dairy Farm 



T a b l e  C- 4, ( c o n t i n u e d )  

R a d i o n u c l  i de  
C o n c e n t r a t  ions 
(10-9 u C i / m l ) < 2 )  

Sampling C o l l e c t i o n  Sample R a d i o -  
L o c a t  ion  D a t e  T y p e <  1) nucl ide 

L a s  V e g a s ,  Nev. 10/06/77 12 1311 

LDS D a i r y  Farm 1 37 Cs 
l 4 o B a  

L a s  V e g a s ,  Nev. 
LDS D a i r y  Farm 

L a s  V e g a s ,  Nev- 
LDS D a i r y  Farm 

L a s  V e g a s ,  Nev-  
LDS D a i r y  Farm 

L a s  V e g a s ,  Nev. 
LDS D a i r y  Farm 

Las V e g a s ,  Nev-  
LDS D a i r y  Farm 

L a s  V e g a s ,  Nev. 
LDS D a i r y  F a r m  

Las V e g a s ,  Nev-  
LDS D a i r y  F a r m  

L a s  V e g a s ,  Nev. 
LDS Dairy F a r m  



Table C-4. (continued) 

Radionucl i d e  
Sampling Col lec t ion  Sample Radio- Concentrat ions 
Location Date Type< 1, nucl ide (10-9 p C i / m l ) < Z )  

Las Vegas, Nev. 10/17/77 12 1311 19 * 6.2 
LDS Dairy Farm 137- <7 

14OBa <4 

Las Vegas, Nev. 
LDS Dairy Farm 

Las Vegas, Nev. 
LDS Dairy Farm 

Las  Vegas, N e v .  10/20/77 12 1 3 1  I 8.8 f 6.2 
LDS Dairy Farm 137Cs <8 

l + o B a  <5 

Las Vegas, Nev. 
LDS Dairy Farm 

Las  Vegas, Nev. 
LDS Dairy Farm 

L a s  Vegas, N e v .  
LDS Dairy Farm 

L a s  Vegas, Nev .  
LDS Dairy Farm 

Las Vegas, Nev. 
LDS Dairy Farm 



Table  C- 4, (continued) 

Radionucl i d e  
Sampling C o l l e c t i o n  Sample Radio- Concentra t  i o n s  
Location D a t e  Type‘l) nuc l ide  (10-9 p C i / m l )  < 2 )  

Las Vegas, Nev, 10/27/77 12 1311 8-2 * 4.4 
LDS Dairy Farm 1 3 7 C s  <6 

1 4 o B a  <4 

Las Vegas, Nev, 
LDS Dairy Farm 

Las  Vegas, Nev. 
LDS Dairy Farm 

Las Vegas, Nev. 10/30/77 12 1311 <8 
LDS Dairy Farm 1 3 7 C s  <8 

14oBa <6 

Las Vegas, Nev, 
LDS Dairy Farm 

1) 12 = Raw M i l k  from Grade A Producer ( s )  

( 2 ) A l l  c o n c e n t r a t i o n s  above t h e  minimum d e t e c t a b l e  concen t r a t i on  
(MDC) are shown w i t h  t h e i r  2-sigma count ing e r r o r .  



APPENDIX D. LIST OF ABBREVIATIONS AND SYMBOLS 

Clm 
prem 
pCi/g 
pCi /ml  
AEC 
ASN 
C 
CG 
C i  
c m  
CP- 1 
CY 
D. E. 
DOE 
EMSL-LV 

EPA 
ERDA 
ERDA/NV 

f t 
GZ 
h 
kg 
km 
k t  
LCL 
LLL 
LTHMP 
m 
MDC 
mm 
mrem/y 
mrem/d 
mR 
m R / h  
MSL 
MSM 
nCi 
NT S 
PH S 
pCi 
SMSN 
TLD 

micrometer 
micro-rijntgen-equivalent-man 
microcurie  per  gram 
microcurie  pe r  m i l l i l i t e r  
Atomic Energy Commission 
A i r  Su rve i l l ance  Network 
temperature i n  Ce l s ius  
Concentration Guide 
Curie 
cent imeter  
Control  Poin t  One 
Calendar Year 
Dos e Equivalent 
U.S. Department of Energy 
Environmental Monitoring and Support Laboratory- 
Las  Vegas 
U.S. Environmental P ro tec t ion  Agency 
Energy Research and Development Administration 
Energy Research and Development Administration/ 
Nevada Operations Off ice 
f e e t  
Ground Zero 
hour 
kilogram 
ki lometer  
k i l o t o n  
lower confidence l i m i t  
Lawrence Livermore Laboratory 
Long-Term Hydrological Monitoring Program 
m e t e r  
minimum d e t e c t a b l e  concent ra t ion  
m i l l i m e t e r  
milli-rsntgen-equivalent-man per  year  
milli-r8ntgen-equivalent-man per  day 
m i l  l i - r8ntgen 
mi l l i - rzn tgen  per  hour 
Mean Sea Level 
Milk Surve i l l ance  Network 
nanocur ie  
Nevada T e s t  S i t e  
Publ ic  Health Serv ice  
p icocur i e  
Standby Milk Surve i l lance  Network 
thermoluminescent dosimeter 



UCL 
USGS 
WSN 
Y 
JH 
HT 
HTC 
CH jT 
Ba 
Be 
C s  

. I 
K 
K r  
Pu 
Ra 

. Ru 
Sr 
T e  
U 
X e  
Z r  

Upper Confidence L i m i t  
United States  Geological Survey 
Water Surveillance Network 
year 
tritium or hydrogen03 
tri t i a t e d  hydrogen 
t r i t i a t e d  water 
tri t i a t e d  methane 
barium 
berylium 
cesium 
iodine 
potassium 
krypton 
plutonium 
radium 
ruthenium 
strontium 
tellurium 
uranium 
xenon 
zirconium 
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